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SCIENCE EXPRESS 


MICROBIOLOGY 

‘Quantitative Phylogenetic Assessment of Microbial Communities in 

Diverse Environments 

C von Mering etal 

Analysis of microbial protein-coding genes from several ecosystems shaw that taxa 

prefer certain habitats and that the evolution s faster in Some places than in others 
10.1126/science.1133420 


PHYSIOLOGY 
Regulation of Drosophila Life Span by Olfaction and Food-Derived Odors 
5. Libert etal. 
In fies, the ability of a severely calorie-esricted ditto extend life span can be 
partially reversed by exposing the fies to the odor oftheir main food, yeas. 
>> News story p. 5B 

10.1126/science.1136610 


IMMUNOLOGY 
Autophagy-Dependent Viral Recognition by Plasmacytoid Dendritic Cells 
H.K. Lee eta. 

‘An unexpected function of autophacy (cellular sell-digestion) i to unite RNA from 
Infecting viruses with immune recognition molecules to trigger innate immune 
defenses 


10.1126/science,1136880 


CLIMATE CHANGE 
BREVIA: Recent Climate Observations Compared to Projections 
S. Rahmstorf et al 
Sea level and global mean ar temperatures have risen more since 1990 than 
climate models used inthe IPCC predicted, and IPCC projections may 
‘underestimate future sa levels 

10.1126\science,1136843 
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ECOLOGY 
Comment on “Rapid Advance of Spring Arrival 
Dates in Long-Distance Migratory Birds” 

C. Both 
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Response to Comment on “Rapid Advance of Spring 
‘Arrival Dates in Long-Distance Migratory Birds” 
N. Jonzén et al 


REVIEW 


OCEANS 
Mesoscale Iron Enrichment Experiments 
1993-2005: Synthesis and Future Directions 
PW. Boyd et al. 


BREVIA 


PSYCHOLOGY 
Dimensions of Mind Perception 

HM, Gray, K. Gray, D. M. Wegner 

Ina Web-based survey, people conclude that anything that has 
Feelings (suchas hunger or pride) andthe ability to act (uch as 
‘communicating or showing sel-restraint) possesses a mind. 
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MATERIALS SCIENCE 
Composite Materials with Viscoelastic Stiffness 
Greater Than Diamond 

T. Joglinski, D. Kochmann, D. Stone, R. S. Lakes 
Adding barium titanate to tin produces a composite material that is 
stifer than diamond, because the trapped inclusions have negative 
compressibility, 
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PHYSICAL CHEMISTRY 
Coupling Coherence Distinguishes Structure 
Sensitivity in Protein Electron Transfer 

T.R. Prytkova, I, V. Kurnikov, D. N. Beratan 
Average rates of electron tunneling in proteins, which seem to reflect 
the distance from donor to acceptor, are actually produced by 
multiple tunneling pathways. 
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CHEMISTRY 
Thymine Dimerization in DNA 1s an Ultrafast 
Photoreaction 

WJ Schreier etal 

Because spectroscopy indicates that ultraviolet light damages DNA 
within 1 picosecond, the damage depends on the DNA conformation 
just before it absorbs the light. 
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CHEMISTRY 
Single Photon-Induced Symmetry Breaking of 

H, Dissociation 

F Martin et al. 

When ight dissociates hydrogen gas. two dissociation pathways 
‘of opposite parity entangle, leading to correlations in the directions 
followed by the resulting proton, electron, and atom, 
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CHEMISTRY 
Ultrafast Bond Softening in Bismuth: Mapping a 
Solid's interatomic Potential with X-rays 

D.M. Fritz etal 

Femtosecond xray ditfracion measurements show that as more 
electrons are exited, bismuth atoms in alatice oscilate more slowly, 
softening the latie as suggested by theory, >>P f 
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CLIMATE CHANGE 
Rapid 20th-Century Increase in Coastal Upwelling 637 
Off Northwest Africa 
H.V. McGregor, M. Dima, H. W. Fischer, S. Mulitea 
Upwelting of cool, nutrient-rich waters has dramatically increased in 
the Atlantic of Morocco, probably because preferential warming of 
the and has increased alongshore winds. 
EcoLoGy 
Species Interactions Reverse Grassland Responses 640 
to Changing Climate 
KB. Suttle, M.A. Thomsen, M. E. Power 
‘Changes in rainfall alter interactions among species in experimental 
plots of California grassland to produce overall modiiations not 
predicted by the responses of individual species 

> Perspective p, 606 
MEDICINE 
‘An X Chromosome Gene, WIX, ts Commonly 642 
Inactivated in Wilms Tumor 
‘MN, Rivera et al 
The identification ofa gene mutated in pediatric kidney cancer 
suggests that genes located on the X chromasome playa greater role 
in cancer than has been thought 


MOLECULAR BIOLOGY 
The DEAD-Box RNA Helicase Dbp5 Functions in 646 
Translation Termination 

T. Gross etal 

[ANNA heticase Is necessary for norma termination of translation, 
‘recruiting a known termination factor into the protein complex that 
ends the process. 

MOLECULAR BIOLOGY 

Yeast RIt109 Promotes Genome Stability by 649 
Acetylating Histone H3 on Lysine 56 

R. Driscoll, A. Hudson, 5. P. Jackson 

RUt109 Acetylates Histone H3 Lysine 56 and 653 
Functions in DNA Replication 

J. Han etal 

‘Anewly identi histone acetyl transferase is necessary forthe 
stably ofthe genome, particularly during DNA replication. 


viROLOGY 
‘ATwo-Amino Acid Change in the Hemagglutinin 655 
of the 1918 Influenza Virus Abolishes Transmission 

TM. Tumpey et al 

‘One of two changes in the amino acids ofa surface protein on the 
1918 influenza virus alter the sialic acid linkages sufficiently to 
greatly reduce transmissibility 


News story p. 582 


CONTENTS [L 


CELL SIGNALING 
Protein Kinase Cf} and Prolyl Isomerase 1 659 
Regulate Mitochondrial Effects of the Life-Span 
Determinant pé6* 

P-Pinton et al 

‘Aprotein that prolongs if span when mutated has oxidoreductase 
activity in mitochondria where it generates toxic oxygen radical, 
suggesting a possible therapeutic target. 

CELL SIGNALING 

Targeting of Diacylglycerol Degradation to M1 663 
‘Muscarinic Receptors by [S-Arrestins 

C.D. Nelson et ab. 

A regulatory protein that Limits the extent of signaling through a 

swell described clas of receptor performs the same function for 
‘another receptor class, but by a completely diferent mechanism. 
MICROBIOLOGY 

Structural and Regulatory Genes Required to Make 666 
the Gas Dimethyl Sulfide in Bacteria 

J.D. Todd eta 

‘A bacteria gene i found that enables cleavage of DMSP tothe volatile 
Sulfur compound dimethyl sulfide (OMS) involved in cloud nucleation 
and hence global warming, 
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PERSPECTIVE: Neuronal Polarity and the Kinesin 
Superfamily Proteins 

T. Nakata and N. Hirokawa 

Kinesins transport proteins and lipids necessary for neuronal process 
specification and maturation. 
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‘important interaction motif; in Protein Databases. 


STNETWATCH: Human Protein Reference Database 
Use this curated database to find information about your favorite 
‘human protein; in Protein Databases. 
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Alvin dials up the international 
space station. 
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Houston, We Have a Phone Call 

Researchers conduct the first long-distance chat 
between deep sea and space 

‘A Better Road to Dreamland? 

New sleep drug may have fener side effects than 
traditional medications. 

The Good Sun 

Catching some rays can boost the skin's delenses. 
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US: Contemptuous Irresolution 
8. Benderly 

Congress’ failure todo its job has funding agencies and scientists 
pleading for pennies 


EUROPE: New EMBO Installation Grants 
E Pain 

The European Molecular Biology Organization encourages 
cexpatriated scientists to set up research groups back home, 

US: Working At—Oak Ridge National Laboratory 

A Fazekas 

Researchers tell what i’ lke to work atthe nation’s largest science 
and energy laboratory 

GRANTSNET: February 2007 Funding News 

J. Fernandez 

Get the latest index of research funding, scholarships, fellowships, 
and internships 


‘Separate individual or institutional subscriptions to these products may be required for full-text access. 
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Assessing Ocean 
Productivity 


‘Approximately one-third of the ocean has abun: 
dant macronutrients but low iron concentrations, 
and it has been thought that this may limit pro 
ductivity. As atest, iron was added to the surface 
‘ocean over large areas (tens to hundreds of 
Square kilometers) n 12 experiments between 
1993 and 2005. Boyd et al. (p. 612) summarize 
the results ofthese studies and discuss how iron 
controls the cycting of carbon, nitrogen, sition, 
and sulfur, and influences bloom dynamics and 
ecosystem processes. Some of the highest pro: 
ductivity occurs in coastal upwelling zones; these 
provide about 20% of the world’s fish harvest. 
Global warming, which should heat land masses 
‘more quickly than the ocean, could affect 
coastal wind regimes and hence upwelling. 
McGregor et al. (p. 637) construct a sea 
surface temperature record for the northwest 
AMrican margin, a major coastal upwelling 
region, for the past 2500 years. The surface 
waters have cooled in the 20th century there, 
which the authors interpret as a sign of more 
Vigorous upwelling of cold, deep water, caused 
by stronger coastal winds. Increased upwelling 
in other coastal areas could impact fisheries 
and the carbon cycle. 


Getting Stiffed 


Aside from their intrinsic beauty and value, 
diamonds are often considered the benchmark 
for properties such as hardness, stiffness, and 
thermal conductivity Jaglinski et al. (p. 620) 
show that adding inclusions of barium titanate 
to tin creates @ material with a viscoelastic 
stiffness higher than diamond. Barium titanate 


undergoes two phase transitions that change 
the crystal shape and volume. This leads to 
composites where the barium titanate has a 
negative bulk modulus, that is, when a force 
acts on the inclusions it causes a displace: 
‘ment in the opposite direction. When these 
composites are bent, the inclusions further 
stiffen the composite 


Electron Tunneling on Edge 
In biological electron transfers, the structure of 
8 protein between donor and acceptor sites 
should exert an effect on 

the overall transfer rate, 
bout in many cases 

the data can be fitto 
simple models where 
the rate depends on 
distance. Prytkova 
etal. (p. 622) calew 
lated rates for elec: 
tron transfers in * 
cytochrome bya, to 
surtace-bound uthe- —¢ 
nium centers, where 
themeasured rates 
are known to repre 

sent electron tunneling. For seven cases where 
the rates appear to depend only on distance, 
‘multiple tunneling pathways through the heme 
‘edges are dynamically averaged. For two cases 
where the rates are much slower than the dis 
tance-dependence model predicts, tunneling 
‘accurs via a single pathnay through an axial 
ligand. The authors show that the multi- versus. 
Single-pathway distinction accounts for the dif: 
ference in tunneling rates in several other pro 
teins, including some in photosynthesis. 


<< Broken Symmetry 


Recently, active phase manipulation of ultrashort laser 
pulses has permitted researchers to direct the outcome of 
photoinduced molecular dissociations by exploiting quan- 
‘tum-mechanical interferences. Martin et al. (p. 629; see 
the Perspective by Sanov) show that even simple excitation 
‘of the H, molecule with high-energy, linearly polarized 
{ight can induce asymmetry in the trajectories followed by 
the formation of emergent proton, electron, and H atom 
products. Using high-level quantum mechanical calcula 
tions and precise experimental imaging techniques, the 
authors show that entanglement of two dissociation path- 
‘ways of opposite parity leads to correlations in the direc- 
tions followed by the three fragments. 


Paired in a Flash 

‘The most common form of ultraviolet (UV) 
photodamage to ONA dimerizes adjacent thy 
‘mine bases, but the dynamics of this process. 
have been challenging to measure. Schreier et al. 
(p. 625) use an ultrashort infrared laser probe to 
clock the dimerization rate in a single-stranded, 
18-membered thymine oligonucleotide, and 
they find that bond formation is complete within 
1 picosecond of UV light absorption. By compar 
ing these results with quantum-yield measure: 
‘ments in double-stranded, mixed-sequence: 
DNA, the authors infer that DNA photodamage 
‘occurs too quickly to involve significant confor: 
mational rearrangement. Thus, the damage 
may depend purely on the conformation in 
place at the instant of UV absorption This 
insight should factitate modeling of different 
sites’ susceptibility to damage. 


Metal in Motion 

The structural consequences of electronic 

‘excitation in solids often occur on extremely 

short time and length scales, Fritz et al. 

(p. 633; see the Perspective by Brock) lever- 
age advances in generation of short x-ray bursts 
to achieve real-time diffractive measurements of 
the lattice distortions in bismuth that follow 
electronic excitation by a near-infrared laser 
pulse. As the laser intensity is varied, the propor 
tion of excited electrons increases. The bismuth 
centers oscillate at steadily decreasing phonon 
frequency, which reflects a softening of the lat 
tice. The results agree with theoretical simula- 
tions and imply that this softening results from 
electronic coupling rather than from inherent 
anharmonicity of the phonon-mode potential 

Continued on page 571 
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Training -the Next Generation of Conservation Scientists 


The Cangn National Parks Science Scholars Prbgtarh 
pleased !t0 announce Yts 2007 competition. ‘The 
program lk a collaboration among Canon, the Ame 
can’ Associstion for the Advancemenpf Science and 
the US Nat 


jonal Park Service. Thanks to a generous 
by-Canon, the program will be awarding 
eight US$80,000. scholatships to PhO. students 
throughout the Americas to conduct research cxitical 
fo conserving the national parks of the region. 
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Sustainability 


THE THEME OF THIS YEAR'S ANNUAL MEETING OF THE AMERICAN ASSOCIATION FOR THE 
Advancement of Science (AAAS) focuses on sustainability and the need for scientific efforts 0 
‘guarantee it. In next week's Editorial, AAAS President John Holdren will point out that human 
‘well-being has multiple dimensions and thatthe goal of sustainable well-being aims at improving 
allof them, His analysis focuses appropriately on hew to mansage our enengy resources sustainabh 

In its most straightforward formulation, sustainability would require that a resource be 
technically managed in such a way that its contribution to human welfare is conserved or 
improved for succeeding generations. But because the term has gained iconic status in the 
Janguage of environmental conservation, it's hardly surprising that itnow carriesa lot of freight 
in particular, a cargo of economic, social, and ethical assumptions and 
preferences, leading to different standards and expectations. [nthe interest 
Of thinking about these before the forthcoming meeting, here are three 
simple sustainability scenarios we might explore, 

First, the human population is grewving, rapidly in some places (many 
developing countries) but unexpectedly slowly in others (much of Europe). 
Ifthe objective of sustainability isto ensure the maintenance of available 
resource levels on a per-capita basis, then complex and very different 
utilization rules will have to be adopted by rapidly and slowly growing 
societies. Furthermore, societies of either kind will have to make difficult 
decisions about what resource levels are adequate. [feach member of a 
‘generation atime uses substantially more water per capita than isneeded 
forhis or her basic needs, then is it reasonable for that society to decide on 
a future water allocation that meets all of everyone's needs but no more? 
‘Can it then claim that it has managed the resource sustainably? 

Next, complicated issues of transgenerational equity emerge from 
‘other scenarios, Suppose that at some time f, average per-capita acess 10 
some resource is adequate. In the r~ 1 generation, average per-capita access is increased, But 
members of the top third in 7~ I receive substantially more than before, whereas those in the 
bottom third get less. and for some of them the allocation falls below the level of essentiality. 
Could such a society claim that the resource has been treated sustainably’? Perhaps it would 
assert that wise conservation has produced a sustainable resource improvement. But most 
‘would argue that the failure of the transformation to manage reallocation equitably leaves it 
short of achieving a sustainable outcome. 

Finally. there are other social and cultural challenges to sustainability that relate to rates of 
historical change. For example, societies often become accustomed to positive improvements in 
average welfare and are likely to insist that the upward trajectory continue. Suppose that the 
renewal rite of some resource is slightly higher than that of population growth, so that the annual 
increase in welfare on a per-capita basis has been a consistently positive number. Would the 
sustainability criterion be met by simply guaranteeing that generation 1 + | has the same wel 
ion 1, oF will those in 1 1 feel as though they have lost? 
est a problem with the concept of sustainability, which turns out not to 
be just about resource use, efficiency of utilization, and conservation. Instead. the term carries 
\with it strong social, economic, and cultural attributes, Different societies will therefore create 
their own definitions of sustainability and their own criteria for achieving it, and they are likely to 
set about the task in their own ways. Articles in Science’s 2003 “State of the Planet” issues, now 
included in a book of the same title. have shown how small groups dependent on common-pool 
resources work out their own solutions and develop the means to enforce them. 

Extending such successes to large-scale problems such as depletion of marine fisheries or 
global climate change is a difficult challenge. But more local successes have shown that 
social capital and broad participation in rule-making are important ingredients. In thinking 
about sustainability, prevailing economic, social, and ethical dimensions will be important 
factors in deciding what can work. Indeed, these are likely to dominate the technological 
aspects of resource management. 
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PsycHoLocy 
Calibrating Confidence 


‘ne of the challenges in reasoning by means of a deliberative and conscious 
process is the weighting of evidence that is reported by other humans. For 
People sitting as jurors in a trial, this translates into deciding whether to 
believe what a witness says. Previous studies have demonstrated that confi- 
dently uttered statements are believed more often and that being accurate 
‘on other issues, even those peripheral to the adjudicated question, is con- 
‘ducive to being believed. 

Tenney et al. show an interaction between these parameters in mock 
trials of civil (car accident) and criminal (burglary) cases. Two witnesses 
‘were equally confident in asserting their recollections of how the accident 
had occurred, yet one was uncertain about other events that had taken place 
‘on that day whereas the other professed a complete and accurate recall. 
Subsequently, both witnesses were shown to have been correct about the 
weather conditions at the time of the incident, but both were also shown to 
have been in error in placing a personal appointment (entirely unrelated to the 
accident) on that same day. Although, as expected, the credibility of the supremely 
confident witness was rated higher initially, the less confident witness was 
regarded as being more credible after their fallibility had been revealed. — GJC 


574 


Remodeling the Joint 


Rheumatoid arthritis isa debibtating autoimmune 


disorder that is characterized by a profound 
remodeling of tissue architecture at the joint, 


which results, most notably, in a permanent loss of 


‘bone. Therapies that reduce joint inflamma: 
tion have been somewhat succesful in 
delaying the onset and progression of the 
disease, but they have not been abe to 
‘everse joint damage once it has 
‘occurred, Because the recovery of joint 
function in sheumatoid arthritis wil 
probably require therapeutic 


Psychol Sc, 18, 46 (2007) 


ing, induced the formation of osteophytes (bone 
spurs) atthe inflamed joints and also prevented 
the resorption of bone by specialized ces called 


osteoclasts. As was consistent with the mouse data, 


they observed that DKK-1 was expressed at aber 
‘antly high levels in joint specimens from humans 
with rheumatoid arthritis and that in both species 
KK-1 expression was induced by TNF, 
These results identify the Wnt pathiay as an 

important regulator of joint remodeling in 

theumatoid arthritis. Because Wnt signals 

influence both the formation and the destruc: 

tion of bone, future therapies targeting 

this pathway could in principle be 


geographical research, Hitherto, success has 
been limited because of the correlative nature of 
models used. Rahbek etal have developed a 
‘new class of spatially explicit, mechanistic mod 
els that use individual species distributions as a 
basic currency. Application of these predictive 
models tothe distributions of birds in South 
America shows that current climate explains the 
distributions only of the most widespread 
species. Their results indicate that historical fac 
tors and community assembly processes may be 
‘more important in determining the distributions 
of species with narrower ranges; these species 
are, of course, generally of greater relevance in 
terms of conservation efforts. In tur, this adds 


approaches that trigger the forma: Bone erosion (pitted surfaces) to growing appreciation of the importance of 
tion of new bone, there is growing in.a mouse model of rheumatoid | incorporating longer-term considerations in con 
interest in understanding the molecu: arthritis. servation planning. — AMS 


{ar mechanisms that regulate bone 
‘remodeling within the joint 
Following up on previous ev 
dence that identified the Wnt signal 
ing pathivay asa determinant of 
bone mass, Diarra eta investigated 


\whether manipulation ofthis pathway would affect 


joint pathology in mice overexpressing the pro- 
inflammatory molecule tumor necrosis factor-«x 
(TNF-a), a widely used animal model of human 
‘heumatoid arthritis They found that the ant- 

bbody-mediated blockade of Dickkopf-1 (OKK-1), 
\which is an endogenous inhibitor of Wnt signal- 


applied not ony to theumatoid arti 
tis, which is characterized by bone loss, 
but aso to osteoarthritis and other 
iseases ofthe joint, — PAK 

‘Not Med. 10-1038/nm1538 (2007). 


ecotosy/evo 
No End of History 
Teasing apart the relative roles of historical and 


contemporary climatic elements in determining 
species richness is one of the core quests of bio 


union 


Proc. R, Soc. 8 274, 165 (2007) 


Looking for Lorentz Violations 


Although symmetries underlie deep principles 
in physics (such as the conservation of momen: 
tum), ultraprecise measurements have revealed 
slight exceptions such as the CP (charge-parity) 
Violation in some radioactive decays Lorentz 
symmetry, which dictates that experimental 
‘measurements should not depend on whether 
the apparatus is moving at steady velocity or 
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standing til, isa comerstone of special reativ 
ity, However, some researchers believe that 
there may be extremely small violations of 
Lorentz symmetry which, if measured, could pro 
Vide tests of string theory and quantum gravity 

Experiments are now underway to search for 
Lorentz violations by trapping antihydrogen 
atoms. Altschul has calculated the properties of 
another possible experimental test known 35 
vacuum Cerenkov emission. High-energy 
charged particles passing through matter give 
off light, such as the eerie blue glow of radioac 
tive waste in a storage pool. Lorentz symmetry 
is violated, particles moving through empty 
space may also emit Cerenkov light. Observing 
such emission would be extremely difficult but 
could serve a5 a valuable complement to the 
antimatter experiments. — DV 

Phys, Rev, Lett. 98, 042603 (2007). 


OCEAN SCIENCE 
Singing Vents 


Mid-ocean ridges are dotted with hydrothermal 
vents termed black smokers. From these tower, 
dark streams of mineral-laced hot water bubble 
ut to enrich the deep ocean and provide niche 
eavionmments for many organisms Lite is 


: 

g known, however, about the patterns of 

& hydrothermal low rom individual vents Asa 
$ means of monitoring the flow, Crone eta. have 
& recorded the sounds of two black smokers, 
"Sully" and “Puller,” onthe Juan de Fuca ridge 
2200 m below the ocean surface. Submerged 
acoustic sensors provided close to 200 hours of 
recorded data. Both vents proved noisy, exceed 
ing the ambient level by 10 to 30 d8. Broadband 
§ acoustic signals were measured at frequencies 

3 up to 500 Hz, possibly generated from a 
combination of volume changes in the flow, 

E turbulence enhanced by fuid heterogeneity, and 
§ chimney vibration. Single tones sang out over 

3 the top, perhaps indicating resonant frequencies 
# of the cavities. The authors speculate that such 
§ sounds could be used by organisms tving near 
& black smokers for navigation and to avoid the 

§ scorching water. —1B 

8 PLOS ONE 1, €133 (2006). 
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CHEMISTRY 
Resolving More with Less 


Appending homogeneous catalysts to an 
oligomeric or dendritic support can concentrate 
active sites close to one another and thereby 
enhance the efficiency of cooperative processes. 
This approach has shown particular promise with 
the cobsit(l)-salen-catalyzed hydrolytic kinetic 
resolution of chiral epoxides, a highly selective 
‘eaction of interest because of the versatility of 
epoxides as precursors to pharmaceutically impor 
tant targets. Mechanistic studies have indicated 
that two metal centers act cooperatively in this 
system, and catalysts with multiple Co-salen cen 
ters assembled as part of the backbone ofa cyclic 
symmetrical oligomer have proven effective 
Zheng etal. extend this strategy by preparing 
salen ligands substituted with cyclooctene and 
then using Ru-catalyzed ring-expanding olefin 
‘metathesis o create macrocycles with Co-salen 
moieties as pendant groups. The resulting com: 
‘pounds catalyze highly selective resolution of a 
range of alky- and ary-substituted chiral epoxides 
at Co loadings as low as 0.01 mol %. The authors 
attribute the efficiency ofthis system tothe spatial 
flexibility ofthe tethered metal centers. — PDS 
J.Am. Chem. Soc. 129, 10.1021/30641406 (2007) 


Obesity: in the Brain or the Gut? 


Aithough some blame high-fat foods for the 
slobal spread of obesity, the mechanistic connec 
tion isnot solid The hormone leptin regulates 
‘body weight by binding to receptors in the hypo 
thalamus and initiating signaling via JAK2, STATS, 
and PI3K transducer motecules.JAK2 is a cyto 
plasmic tyrosine kinase and isthe target of sev 
eral regulators, including the SH2-B family. Mice 
whose SH2B1 is systemically knocked out become 
leptin-resistant and obese and develop type 2 
diabetes. Ren et ol. have found that if SH2B1 is, 
restored specifically to neural tissues, the obese 
mice stop overeating, the hyperlipidemia is cor 
rected, the leptin sensitivity is restored, and the 
obesity reverses. Nevertheless, therapeutic target 
{ng ofthis signal may not be a simple matter if, as 
suggested by Ley etal. and Turnbaugh etal, 
obesity can be mediated by members of the gut 
flora. It appears that obese mice and humans 
have a greater proportion of Firmicutes in their 
Aut flora and that they extract energy from food 
more efficiently (because of the bacterial capacity 
{or breaking down indigestible polysaccharides) 
than the Bacteroidetes group that dominates the 
flora of tean mice and people. Moreover, obesity 
in mice can be induced by infection. — CA 

J. Clin invest. 10.11724C129817 (2007); Nature 

‘444, 2022; 1027 (2007). 
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Postdocs 
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Success? 


Here's your link to career advancement 


AAAS isat the forefront of advancing early-career researchers 
offering job search, grants and fellowships, skil-building 
workshops, and strategic advice through ScienceCareers.org 

and our Center for Careers in Science & Technology. 


NPA, the National Postdoctoral Association, is providing a 
national voice and seeking positive change for postdocs. 
partnering with AAAS in career fairs, seminars, and other 
events. In fact, AAS was instrumental in helping the NPA 
get started and develop into a growing organization and 
a vital ink to postdoc success. 


you're a postdoc or grad student, go to the AAAS:NPA link 
tofind out how to spell career success. 
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Creationism in Russia 


‘A Russian couit is scheduled to resume 
hearing testimony on 21 February in the 
country’s first legal challenge to the teaching 
of Darwinian evolution, 

Mariya Shraiber, 16, an 11th grader at pub 
tic school No. 148 in St, Petersburg, has sued 
the Russian Ministry of Education and Science, 
claiming—on the basis of an obscure law gov 
ening political parties—that the 
school’s biology textbook offends 
her religious sentiments 
does not allow for other theories, 
‘such as creationism, She also con. 
tends that th 
of Species is unproven and derived 
from Marxist-Leninist ideology, 

The case—dubbed the 

‘Monkey Process" by the Russian 


cause it 


science in The Origin 


press as a nod to the Scopes trial 
d by a maverick 
ations agent who 


is being promo 
Russian public 
set upa Web site called 
antidarvin.ru, Mariya’s father Kiril, 
who is representing her in court, says his daugh 
ter does not belong to any particular faith 

The plaintiffs have the support of members 
of the Russian Orthodox Church, some of who 


have regularly at 


nded the court proceeding: 


Russian scientists are less enthusiastic. Nobel 
Prize-winning physicist Vitaly Ginzburg has 
characterized the lawsuit as “disgusting obscu 
rantism and delirium, 

Andrei Fursenko, the country's education 
and science minister, suggested last month in a 


radio interview that he is not averse to amend: 
ing the textbook to include a variety of theories 


Plankton Art 


Revising the 
Universe 


Inthe 1920s, astronomers tussled over whether 
the universe has more than one galaay. Less 
than 2 century earlier, th 


chemical composition 
of stars was un 
philosoph 
understanding of t 


yen and, according to one 
, unknowable. Focus on how our 


shape at 
Cosmic Joumey, 
a new hi 


of 
cosmology from 
the American 
Institute of Physics 
(APH in College 
Park, Maryland, 
The exhibit 
traces intellectual 
developments from 
the ancient Greeks 
Eanth-centered 
tothe 


modern idea that 


Edwin Hubble and enigmatic dark 


James Jeans with 
the 100-inch Mount 


energy is spe 
expansion of th 


Wilson telescope YetSe. Visitors can also 
in California in follow the technologi 
the 1920s. cal breakthroughs that 

opened up the cosmos 


including refracting telescopes, spectroscopy, 
‘and radio astronomy. Biogra 


ical pages cover 
figures such as American astronomer Edwin 
Hubble (1889-1953), whose observations 


crushed the single-galaxy model of the universe 


and revealed that it was expanding. 


waaip.org/history/cosmology 


At the turn of the 20th century, German naturalist and 
illustrator Ernst Haeckel captured the beauty of plankton 
and jellyfish (right). And when Monaco's Prince Albert | 
built the Monaco Oceanographic Museum and Aquarium in 
1910, one of the designers transformed two of Haeckel’s 
drawings, including one of an elaborate medusa, into 
chandeliers (below). The connection between Haeckel’s 
creations and the 
Art Nouveau move: 
ment in architec 
ture and design will 
be explored in an 
exhibit at the meeting of the American Society of Limnology 
and Oceanography next week in Santa Fe, New Mexico. 
On display will be jewelry, olassnare, woodcarvings, paint 
ings, photographs, and even a quilt—a rare treat for con: 
ventioneers tied of gazing at posters and vendor displays. 
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Slaves’ 


camp. 


“Below: Tromelin. 


On 31 July 1761, a French ship carying 
122 sailors and 60 slaves from Madagascar to 
Mauritius was wrecked off the tiny indian Ocean 
istand of Tromelin, The crew built a raft and 
470 kilo 
meters back to 


sailed ti 


Madagascar, leav 
ing the staves with 
supply 
nd promises that they would be res 
cued. Filleen years later, a French ship picked 
up the only survivors, seven women and an 
8-month-old baby. Before they were freed and 
lost to history, the women told their rescuers 


a3 month 
of food 


that they had kepta fire going continuously for 
the entire 15 years, 

Last fall, 10 French researchers flew to the 
1 -square-kilometer island, where France main: 
tains a weather station, and spent a month look: 
ing for traces of the slaves’ ordeal. They found a 
wall of a building constructed from pieces of 
coral and sandstone, as well as some copper 
bowls and the bones of tortoises and fish, 
Ata press conference in Paris on 17 January, the 


team also disclosed finding the oven in which 
the slaves had burnt pieces of the wrecked ship. 
From the layering of residues, they concluded 
that the fire had indeed burned until the rescue. 
Expedition leader Max Guérout of France's 
‘Marine Archaeology Research Group says that the 
findings represent one of the rare instances in 
which “we have historical and archaeological 
about slavery at the same time.” More 
details are at wiew.archeonavale.org/Tromelin, 
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Thank you 
to all of the sponsors and supporters of the 
2007 AAAS Annual Meeting 
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ABRAIN REVEALED. Hendrikje van Andel- 
Schipper (above) was the world’s oldest 
person and a minor celebrity when she 
died in 2003 at th 
months after her decision to donate her 
body to research (Science, 9 September 


age of 115, Now, many 


2005, p. 1670), her name isat the center of 
& controversy 

On 23 January, anatomist Gert Hols 
(left) of the University Medical Cent 
Groningen (UMCG) in the Netherlands 
named Van Andel in a study published 
online by Neurobiology of Aging. Later 
that day, the center's governing board 


nded him for revealing her 
Although Holstege disaj 


identity eed 


with UMCG’s charge that he'd vio 
Van Andel’ pri- 
vaey, he asked the 


journal to retract 
the paper pending 
a resolution. The 
agreed. 

Holst 


the medical ce 


ter’s suggestion to 
delete Van Andel’s 
name makes no 


sense because her age and other details 


would be a dead giveaway. Besides, says 
Holst Iked about her planned 
donation to reporters and “would have 


loved” the posthumous spotlight. “She 
arp, Lalmost wanted her asa grad 
student,” he said about Van Andel, whose 
brain he called comparable to that of 
son 


‘one in her 60s. 


Got a tip for this page? E-mail people@aaas.org 


IN THE COURTS 

INVENTORS, KEEPERS. Ater a protracted 
legal fight with Duke University, physicist John 
Madey of the University of Hawaii, Manoa, has 
been reunited with a free-electron laser he built 
2 decades ago. Madey plans to use the device 
to explore quantum-mechanical interactions 
between light and atoms and molecules. 

Madey developed the laser at Stanford 
University and brought it with him to Duke in 
1988. When Duke forced Madey out as head of 
the laser lab in 1997, he sued, claiming patent 
infringement. Duke, which kept the laser after 
Madey left a year later for Hawaii, claimed the 
fight to use it for academic research. In 2003, 
a federal appeals court rejected Duke's argu: 
ment. Madey and Duke reached a settlement 
last year, and the machine arrived at his lab 
in January. "| always knew it would happen,” 
Madey says. “It was just a question of when. 


HONORS 

BIOCLOUT. Molecular biologist Nancy Ho of 
Purdue University in West Lafayette, indiana, 
has won many accolades for her work on 
enzymes that make biofuels. But none matched 
her invitation to attend last week's State of the 
Union Address by President George W. Bush, 
who wants to boost biomass research funding 
“V'm really very grateful for the honor,” says Ho, 
who sat one seat away from First Lady Laura 


No prob 
the newfound attention for her field, 
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Bush. The diminutive 
(5 foot, 1 inch) 
scientist almost dis 
appeared from view, 
however, when the TV 
‘cameras zoomed in on 
the honoree next to 
her, the 7-foot, 2-inch 
basketball player 
turned-philanthropist 


Fad Dikembe Mutombo. 


mm, she says: The important thing is 


MARINE SOS. AU.S. and a Chilean ecologist 
will share a $658,000 research prize from 
Spain’s largest bank. Banco Bilbao Vizcaya 
Argentaria’s foundation has recognized 
Jeremy Jackson of the Scripps Institution of 
Oceanography in San Diego, California, and 
Juan Carlos Castilla of the Catholic University 
(of Chile in Santiago for lifetime achievements 
in marine conservation. 


Jackson has studied the effects of the 


closing of the seaway that once joined the 
Pacific and Atlantic and has highlighted the 
devastating effects of overharvesting. Castila 
has done experiments involving manipulation 
of rocky shore flora and fauna of Chile and 
tested “learning by doing” approaches to 
fisheries management 


Vi 


FORGOTTEN GENIUS. Percy Julian's synthesis in 1935 of physostigmine, used to treat 
Glaucoma, has been called one of the 25 most important achievements in chemistry of the 
20th century. in 1973, Julian became only the second African American to be elected to the 
National Academy of Sciences (NAS). But his accomplishments didn’t stop racists from fire- 
bombing his home when Julian moved to the all-white Chicago suburb of Oak Park, Illinois, 
shortly after World War Il. Although his neighbors decried the attacks, a greater deterrent 
‘may have been Julian's decision to spend night after night perched in a tree, shotgun in hand. 
Julian used the time to teach his then-10-year-old son about bigotry and intolerance. 
Julian’s story, “Forgotten Genius,” will air 6 February on many PBS stations 
{(pbs.orq/wgbh/novafjulian). As Catherine Hunt, president of the American Chemical Society, 
said last week at an NAS screening of the show, “Percy Julian heard the word ‘no’ many times in. 


his career and in his life, 
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VIROLOGY 


From Two Mutations, an Important 
Clue About the Spanish Flu 


HIV is lethal but not all that infectious; 
the common cold spreads easily but is 
fairly innocuous. The Spanish flu virus of 
1918-1919 had the worst qualities of both, 
Which is why it killed more people than World 
War I did. But although virologists have 
learned a lot about the combination of g 


that made the virus so deadly. they could only 
ily 


speculate why it spread so e: 

No longer. A study published by Science 
this week (p. 655) confirms what many had 
suspeeted: A small change in 
the virus’s hemagglutinin 
(HA) 
on its surface by the hun- 
makes the 1918 virus 
and unable to 
transmit between ferrets, even 
though it still sickened them, 
Those same changes in reverse 
may be what started the 191 


4 glycoprotein siting 


dreds 


more “avia 


ceatastrophe—and what could 
kick off the 


“This is world new 


flu virologist Ron Fouchier of 
Erasmus Medical Center in 
Rotterdam, the Netherlands, 
“This answers the million- 
dollar question of how an 


avian virus can become trans- 
missible between mammals, 

Still, exactly how the ch 
in HA 
two point mutations 


which required just 

Fenders the virus 
impotent remains unclear, Fouchier says 
Nor does it answer an even more ur 


question: Could a similar set of mutations 
turn the bird flu virus HSN1, now devastat- 
ing poultry in many countries, from an avian 
scourge into a humay 

‘The HA in human flu viruses, such as the 
annual strains now sickening millions in the 
Northern Hemisphere, preferentially binds to 
receptor on host cells that features a sialic 
acid bound to galactose through a linkage 
called «2,6. This receptor predominates 
both human and ferret airways. By contrast, 
avian viruses such as HSNI have an HA with 
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a slighily different shape that prefers to bind to 
sialic acid linked to galactose through an 
3 link; these are in the majority in bird guts. 


Based on that knowledge, researchers 


had suggested that the 1918 virus arose 


when an avian virus acquired mutations that 
gave it its predilection for a-2,6, thus 


becomin human” in nature. If so, 


more 
reversing those mutations should be able to 
‘avianize” the 1918 virus and make it unable 


‘Small change. Two point mutations may have been enough to turn an avian virus into 
the 1916 flu, which killed more people than World War 


Tumpey of the U.S. Centers for Disease 
Control and Prevention (CDC) in Atlanta, 
Georgia, the main author of the new study 
So Tumpey. with colleagues at CDC and 
Mount Sinai School of Medicine in New York 
City, took the 1918 virus—which was resur- 
rected over the past decade and is now th 
subject of intense study (Science, 7 October 
2005, p. 28)—and made a few point muta- 
tions. One gave it an affinity for both the 
2.3 and a-2,6 receptors. One more switched 
its preference completely toward a-2 
When the researchers inoculated ferrets 
the best animal mode! for human flu 
intranasally with high doses of these two 
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viruses, as well as the original 1918 strain, all 
in the cages next to. 
the sick ones. With the original 1918 strain, 
they, too, became infected and got sick. With 
the strain that had a mutation that made it bind 


to both 2,3 and d-2,6 receptors, transmis- 


sion was inefficient; two out of three ferrets in 


adjoinin, 
althou; 


cages developed antibodies, 
neither became really ill, In the 
strain that bound to a-2,3 only, there was no 


transmission whatsoever. 

The study provides the first direct evi- 
dence that receptor preference is key to trans- 
mission, stys vi Mikhail Matrosovieh, 
of the National Institute for Medical 
Research in London, But why a few point 
mutations can have such a dl 


ic fleet is 


less clear, he says. Although 
-2,6 receptors predomi 


in ferrets, they also have 0. 
receptors, as do humans; that's 
why the avianized virus was 
able to infect them. So why 


couldn't this strain make the 
jump to the 

One clue lies in studies last 
year that showed that human 
cells with 0 
‘occur prim: 
lu 
may not so easily escape, et 


.3 receptors 
ily deep in the 


from where the virus 
2.6 


receptors, in contrast, W 
found primarily in the upper 
respiratory tract, Another hint 
is that the ferrets infected with 
the avianized virus didn't 
sneeze, Tumpey says; it’s not 
hard to see why that would 
reduce t 


insmission in ferrets, 


Several groups, meanwhile, are trying to 
find out if HSN1. too, could become a human- 
ized virus through a few mutations in HA 


Mutations in other genes are probably neces- 
Siry as well, says Yoshihiro Kawaoka of the 
University of Wisconsin, Madison, and the 
University of Tokyo, and if humankind is 


lucky, researchers may discover that the com= 


bination of changes needed is unlikely to 


occur in nature, But in any case, knowing in 


advance what it takes woul ntists 
something to be on the lookout for in dead 
birds and human patients, Fouchier says—and 
ring the alarm bell if necessary. 

“MARTIN ENSERINK 


sciencemag.org 


5 
3 
3 
5 
4 
: 
8 
H 


a | 


PALEOANTHROPOLOGY 


Small Brains, Big Fight: ‘Hobbits’ Called New Species 


isunder way, This week, a research team pre 
sented new data it says support the con- 
tention that a diminutive, small-brained 


hominid found on the Indonesian island of 
Flores truly represents a new species. The 
study, published online by the Proceed 
of the National Academy of Sciences 
(PNAS), direetly contradicts a paper pub 
lished by skeptics last August in PNAS 


Which argued that the hobbit was a modern 
human with a severe deformity called 
25 August 2006, 


microcephaly (Sefence 
p. 1028). The new study cor 


puny brain to nine microcephalic brains and 
finds that the hobbit does not resemble them. 
But although some researchers find the 
new work persuasive, scientists on both 
sides of the debate agree that it doesn’t 
a knockout punch and that only new 


fossil discoveries are likely to resolve the 
controversy. "This paper helps.” says pale- 
ontologist Fred Spoor of University College 
London, “but we need another [hobbit] 
bbnaincase to really settle it.” 


The team, led by anthr 


logist Dean Falk 
of Florida State University in Tallahassee 


includes hobbit discoverers from Indonesia 
and Australia plus an international squad of 
radiologists, They had already compared the 
hobbit brain wit 


h one microcephalic brain 


and declared the two distinet (Science, 8 April 
2005, p. 242), but 
So Falk and company created 


tics found the single case 


unconvinein 


three. onal reconstructions of nine 
mierocephalic and 10 normal human brains, 


using computed tomography scans of the 
imteriors ofthe skulls. They looked for param- 
eters with which to distinguish microcephalic 
brains from those of normal human 
found two: the width of the frontal lobes rela- 
tive to the width of the cerebellum, and the 
extent to which the cerebellum protrudes 
from the back of the brain, 

When the team added the hobbit to the 
tly into the normal human 
group, Moreover, two microcephalic brains 


id 


analy is, it fell nea 


that other researchers had claimed resem- 
bled the hobbit’s (Science. 19 May 2006, 
p. 983) grouped with the microcephalic 


brains. “The most reasonable conclusion is 


that it represents another 
species of Homo.” says Falk. 
Anthra t Ralph 
Holloway of Columbia 
University, who reported 


log 


a comparison of six 
microcephalic endocasts 
last March, 
‘does a 
hat [the 
hobbit] does not have the 
typical ... microcephalic 
* Neverthe- 
less, Holloway re 


ata meetin 
says that the paper 
dod job of showil 


morpholo, 


troubled by what he sees 
as other signs of defor 
mity in the lone hobbit 
ding a pro- 
of the 
ties in the 


nd abnorma 
T would not throw out the 


brain 
front 
pathol 


lobes. 


possibility yet. There is somethin 
about this brain that just doesn’t seen 

But a few skej 
paper out entirely, 
and mis! 
Henneber 


ading,” says anthropolog 


of the University of Adelaide in 


METABOLIC RESEARCH 


Canadian Group Claims 


No media splash greeted the completion of 
the Human Metabolome Project last week. 
although the sponsor boasts it is “the 
chemical equivalent of the Hu 


The University of 


man 
Genome Project 
Alberta in Edmonton, Canada, announced 
that a small group of researchers with 
$7.5 million from the Canadian 

ment has created a “comprehensive 


overn: 
dat 


base of human metabolites, calling it “the 
starting point for a new era in diagnosing 
and detecting diseases.” 

Since 2004, the sci 
bled an inventory of 2500 molecules pre 


duced by metabolic 


ntists have assem- 


actions in the body's 


tissues and Muids. The Canadian project has 
been low profile until now, but the 
ing of a completed “first draft” meta 
Not 


astonished some observers. Noting that the 
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‘Mismatch? The shape of the hobbit's 
brain (top) is different from that 
of an adult microcephalic. 


Australia, a co-author 
of last August's PNAS 
paper, Hennebers argues 
that the Falk team’s sample 
size was too small—at least 30 
specimens are needed, he says—andd 
should have included Austrome 
lanesians, the aboriginal peo- 

ples of the region, On the 
‘other hand, the team should 


not have included four 
microcephalie children in 
their analysis, says anthropol: 
ogist Robert D, Martin of the Field 
Museum in Chicago, Mlinois, 
Henneberg notes that Falk and the discov- 
ery team had argued previously that the hob 
bit sorts not with normal modern humans but 


with carly hominids, Stay tuned; Falk says 
her next move is to add ancient hominids to 
her plot, and the discovery team hopes to dig 
ain on Flores. 


“MICHAEL BALTER 


‘Unique’ Database 


human genome was 90% complete when 
geneticists announced a draft, Gary Siuzdak 
of the Seripps Research Institute in San 
Di 
prised if 2 
10%" of the human metabolome. 


California, says, “I would be sur 


0 [entries] represents even 


Still, the metabolome project leader 
David Wishart, a biophysicist and computer 
scientist at the University of Alberta, say's 
he’s pleased. The product, described in a 


recentarticle in Nucleic Acids Research, isa 
base (www.hmdb.ca) that 
some observers view as a solid first effort 
Wishart and 39 co-authors 
from the University of Calgary in Canada 


free. public da 


including five 


describe the database as “unique.” 

The collection, which opened on 1 Janu- 
ary. covers endogenous human metabolites, 
mainly from human tissue or gut bacteria, » 
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(A separate database covers drug metabo- 
lites.) Wishart says the project began with 
text mining” of “dusty textbooks and 
obscure journals” to scoop up and validate 
previously identified metabolites 
Importantly, says Wishart, the collection 
provides more than 400 searchable “finger- 
prints.” images of the atomic spectra of 
‘metabolites captured with nuclear magnetic 


resonance or mass spectroscopy. Users 
studying a specific metabolite can call up a 
‘MetaboCard” that shows this fingerprint, i 
available, along with data on disease rele~ 
vance, biofluid concentration, metabolic 
pathway, and many other topics. 

Yet other metabolome researchers point 
out that there's a lot missing from the 
lection, Wishart and his colleagues nar- 
rowed their inventory to metabolites found 
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ata concentration of | micromole or more 
This simplified the task but eliminated tens 
of thousands of substances. Altho 
Wishart says the present collection is 

5% complete at 2500 entries, the group's 
paper acknowledges that if every small mole- 
cule in the body were to be included. “the num- 
ber of compounds might exceed 100,000" 

It’s hard to define what's been left out, 
says Jeremy Nicholson of Imperial Colle; 
London, head of an industry-backed project 
on potential toxicities in metabolic inte 
‘many of them difficult to detect 

p. 965). He 
database as “just a list” of 
abolites, although a usefal ist 
metabolomies leader and 
vy at the Unive 
ys the Can: 


actions: 
(Science, 11 November 200: 
views the 


sity of Pennsylvania, 


project made “quite a good start’ 
plete database, although comparing it to the 
human genome is “over the top.” Siuzdak, 
biochemist Julian Griffin of the University 
of Oxford, U.K., and several others are each 
leading independent efforts to build 
metabolome databases that could rival the 
Canadian effort. 

Wishart acknowledges that the response 
to the metabolome’s first draft has been 
‘mixed.” And he agrees that the estimate 
that the catalog is 95% complete is based 
on “a bit of a fuzzy number.” But he con- 
siders the Canadian metabolome database 
the best and most user-friendly available, 
His big concern now is how to keep the 
project afloat after 2007, when govern- 
‘ment funding is scheduled to end. 

ELIOT MARSHALL 


Odor of Food Hastens Dieting Flies’ Deaths 


Puta fruit fly on a near-starvation diet, and 
itis likely to live much longer than its well- 
fed cousins, But if it smells food odors, 
some of the life-stretching effects of the diet 
disappear, researchers report in a study 
published online by Se/ence this week 
(wwwsciencemag.orw/exi/contenv abstract 
1136610). The finding adds to a growing 
body of evidence that an organism's pereep- 
tions of its environment can have a big 
impact on its longevity 

Molecular geneticist Cynthia Kenyon of 
the University of California, San Francisco, 
and her colleagues first sniffed out the tink 
between life span and perception. In 2004, 
for example, Kenyon and postdoc Joy 
Alcedo reported that frying nematodes* 
olfactory neurons with a laser prolongs the 
worms’ lives. Zapping certain taste neurons 
also promotes longevity, but destroying 
another one cuts survival 

To further probe the link between smell 
and life span, geneticist Scott Pletcher of 
Baylor College of Medicine in Houston, 
Texas, and colleagues placed fruit flies on 
aan ascetic diet known as calorie restriction, 
‘which slashes food intake and can extend an 
animal's life by up to $0%, The researchers 
then planted tantalizing (at least to 
Drosophila) yeast paste in a sereened-off 
end of the insects’ home tubes: the bugs 
could smell and see the goodies but not eat 
them, Although the calorie-restricted fli 
lived longer than normal, they died sooner 
than similarly hungry insects not exposed to 
the yeast scent. The aroma had no impact on 


Unhealthy glow. An inserted gene, marked by 
fluorescence (green) and expressed in antennae, 
restored ths flys abit to smell and shortened isle. 


survival in well-fed Drosophila. 

Further support that the sense of smell 
affects life span came when the researchers 
measured survival in flies harboring a 
mutant form of the protein Or83b, The mol- 
ecule helps direct odor receptors into posi- 
tion in the fly’s olfactory organs, which are 
part of the antennae, and a faulty Or83b 
dulls the sense of smell. It also stretches fly 
longevity by up to 56%, the researchers 
found, Like many long-lived organisms, 
flies with mutant Or83b showed increased 
resistance fo stresses such as starvation and a 
pure oxygen atmosphere. Restoring fun 
tional Or83b returned fly longevity to normal. 

Many animals with extended life spans 


dial down insulin signaling (Science, 
6 April 2001, p.41). However, levels of fly 
insulinlike proteins didn’t differ between 
the normal and Or83b-mutant insects, sug- 
gesting that odor exerts some of its 
longevity effects through another pathw 

The results “point out a central role for 
environmental perveption in mediating life 

says Pletcher. The smell of 
food might cue animals tolive forthe moment 
‘because times appear to be good. But if nutri- 
cents are scarce, animals hunker down to await 
better conditions, boosting their resistance to 
stress and aging more slowly. 

1's incredibly exciting that the group 
has been able to show a link between the 
olfactory system and life span," says molec- 
ular geneticist Stephen Helfand of Brown 
University. The work reveals that “your 
brain has control over your life span." 

The findings might also help clarify 
whether reduced food intake or another 
stimulus spurs calorie restriction’s physio- 
logical changes. This study establishes that 
“some component of the response to calorie 
restriction is olfactory.” says Kenyon. 

So far, no evidence indicates that scent 
regulates vertebrate life span, However, says 
Kenyon, that the effect occurs in animals as 
distantly related as nematodes and flies indi- 
cates it could, Another unknown is whether 
other smells shorten longevity. And Pletcher 
notes that the presence of life-extending and 
life-shortening sensory neurons in nema- 
todes “suggests that we could find odors that 
increase life span.” 
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2008 U.S. BUDGET 


Ocean Research Gets a Modest Boost 


It’s more than a drop in the bucket. But the 
$40 million increase for U.S. ocean research 
proposed last week by the Bush Administration 
for 2008 falls far short of the torrent that two 
prestigious commissions said 3 years ago was 
needed to deal with declining fisheries, climate 
‘change, and a host of other problemsin the seas. 

The research bump is part of$143 million 
spending boost for ocean projects in the presi- 
dent's upcoming 2008 budget request; Admin- 
istration officials announced the increase in 
advance of the budget’s$ February submission 
to Congress. It covers four areas tagged as pri- 
orities in the next 2to $ years: natural hazards 
in coastal areas, basic research comparing 
marine ecosystems, new biosensors, and the 
role of Atiantic Ocean currents in rapid climate 
. Most of the overall spending increase: 
if approved by Congress, would go to the 
National Oceanic and Atmospheric Adminis- 
tration (NOAA), although the smaller research 
pot would be split almost evenly between 
NOAA and the National Science Foundation 
(NSF), with the US. Geological Survey getting 
tiny portion, 

‘This isn't good enough; it’s off by a factor 
mes Watkins, a retired 
airs the Joint Ocean 
‘Commission Initiative JOCI), a task force 
that lobbies for progress on recommendations 
made by the two commissions. In 2004, the 
US. Commission on Ocean Policy issued a 
report that called for a $-year doubling, to 


@ Charting the course. The proposed new research 
5 lunding covers priority topics such as the Atlantic 
currents that influence climate change. 


$1.3 billion, of federal spending on ocean sci- 
ence. Still, some advocates see the Bush 
spending plan as a step in the right direction, 
and they also like an accompanying long-term 
research plan put together by an interagency 
group. “I think that’s a very good sign forthe 
future of the field” says Robert Gagosian, for- 
mer director of the Woods Hole Oceano- 
graphic Institution in Massachusetts and an 
adviser to the U.S. Commission and JOCL 
The report was drafted by the White 
House's Joint Subcommittee on Ocean Se 
ence and Technology, which began working 
‘on it in 2005. After a public meeting in April 
last year, the panel compiled 21 priority top- 
ies for ocean research that fit into six broad 
areas important to society, such as sustain- 
able use of ocean resources and minimization 
‘of natural hazards. Agencies also identified 
near-term priorities in ocean research with 
the greatest impact and urgency, and sug- 
gested how much could be spent in each area, 
The final figure “is in the ballpark” of 
what was proposed, says Julie Morris, head 
of the division of ocean sciences at NSF, one 
of the participating agencies. But the real 
surprise was the White House's willingness 
to fund any initiative in the upcoming 
2008 budget. says Margaret Leinen, Morris's 
former boss. who last month stepped down 
as head of NSF's geosciences directorate, 
“Nobody was thinking that it wouldn't 
happen, but having it rolled out in *O8 was 
very satisfying.” says Leinen, now chief 
science officer for Climos.a greentech start- 
up company based in San Francisco, Califor- 
nia (Science, 22 December 2006, p. 1847). 
NOAA would get $123 million of the pro- 
posed $143 million in new spending. a 
increase over the agency's request last 
‘year. (Its 2007 budget. like that ofall domes- 
tie agencies, is still unresolved.) The new 
funds would cover $38 million for coral reef’ 
conservation and restoration of salmon habi 
tat, $25 million to help end overfishing, and 
‘$40 million for research support, including 
$16.4 million for the Integrated Ocean 
Observing System, an embryonic network of 
sensors and buoys that has mostly been 
funded by earmarks. Although that amount 
would be far below the $70 million propased 
for 2007 by a Senate spending panel (Science, 
21 July 2006, p. 280), itis listed for the first 
time as a separate budget item. a step that 
observers say demonstrates the Administra- 
tion's commitment to developing the system. 
NOAAS share also includes $20 million 


Italian Center Back to Life 


Italy's government is poised to rescue the Bio- 
‘medical Research Center in Paletmo, The project 
in regenerative medicine was jointly sponsored 
by the University of Pittsburgh and Palermo's 
ISMETT organ transplantation research center 
(Science, 27 October 2006, p. 57). More than 
100 italian scientist living abroad protested a 
‘government plan to withdraw support last year, 
Now the government has submitted a finance 
bill that would provide $340 million rather than 
the $410 million first proposed. The downsizing 
has forced a project review, but ISMETT says it 
hopes to begin recruiting staff later this month. 
FRANCESCO DE PRETIS 


Stern But Kind at NASA 


[NASA Administrator Michael Griffin has found a 
‘new chief for the agency's beleaguered earth 
and space sciences program, insiders say. 
Griffin has been introducing S. Alan Stern, 
‘executive director of the Southwest Research 
Institute in Boulder, Colorado, around NASA's 
Washington, D.C, headquarters as a successor 
to Mary Cleave, who announced last September 
that she would leave this spring, Stem, a plan 
etary scientist, the principal investigator on 
NASA's Pluto-Kuiper belt mission and an advo: 
‘cate for lunar exploration—music, no doubt, to 
Griffin's ears. His challenge will be to preserve 
the agency's $5.5 billion commitment to sci 
‘ence projects in the face of a flat budget and 
the growing appetite of NASA's human flight 
‘program. Stern did not return messages, anda 
NASA spokesperson declined comment, 
ANDREW LAWLER 


More Direction for NIH 


The freighterlike momentum ofthe National 
Institutes of Health (NIH) makes it notoriously 
hhard to turn, but on 8 July the $28 billion 
agency will get a new steersman. Alan M. 
rensky, a pediatric nephrologist and immmunot 
‘gist at Stanford University School of Medicine 
‘in Palo Alto, California, has been named direc 
toro the NIH office of portfotio analysis and 
strategic initiatives, a newly created post to help 
‘NIH Director Elias Zethouni craft his agenda of 
high-priority program known as the Roadmap. 
Krensky will also run a team that tracks spend: 
ing across all NIH divisions and evaluates how 
well the agency hews to its goals. 

Krensky, 56, already a consultant for the 
agency, says an important part of his job wil 
be to align NIH spending with societal con- 
cerns such as the burden of specific diseases, 
His office will not impose priorities, he 
insists, but rather “facilitate” decisions by 
NIH institute chiefs, -EUOT MARSHALL 
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for priority research. NSF would get $17 mil- 
lion, and $3 million would goto the US. Geo- 
logical Survey for mapping the sea floor and 
monitoring water quality. NOAA is tll decid- 
ing which existing programs will receive the 
$20 million and how much would be extra- 
mural research, says Richard Spinrad, 
NOAAS assistant administrator for oceanic 
and atmospheric research. 

And although the plan spells out NASA’S 


critical role in ocean research, there was no 


GEOLOGY 


mention of the agency at the 26 January 
press conference. “I'm shocked.” says Len 
Pietrafesa of North Carolina State Univer- 
sity in Raleigh, especially given last 
month's report from the National Acade- 
mies’ National Research Council highlight- 
ing the 30% decline in NASA's earth sc 
ence budget over the past 6 years. Dan 
Walker of the White House Office o 
cence and Technology Policy, which worked 
on the research plan, says NASA is 


already contributing to ocean research. 
Watkins says he will continue lobbying 
Congress to boost overall ocean funding to 
the level recommended in a recent report 
from JOCI. And he says he’s optimistic that 
the new Democratic-led Congress will do 
better than its Republican-led predecessor. 
This week, forexample, JOCT gave the nation 

a failing grade on funding forthe field, 
“ERIK STOKSTAD 


With reporting by Jetrey Meri. 


Indonesian Mud Volcano Unleashes a Torrent of Controversy 


‘A mud volcano on Java that has destroyed 
four villages since it began erupting 
8 months ago will likely continue spewing 
“for many months, if not years.” according to 
the first published scientific report on the 
disaster, But experts are sparring over two 
points: whether the eruption was triggered by 
an earthquake ora gas well and whether any 
thing can be done to stop it 

The voleano, known locally as“ 
roared to life on 29 May 2006 when steam 
sand mud burst tothe surface about 200 meters 
from an exploratory gas well near the coastal 
city of Sidoarjo, 700 kilometers east of 
Jakarta, The mud, up to 10 meters deep in 
places, has engulfed approximately 
3,6 square kilometers and displaced more 
than 10,000 people. 

Several geologists on the scene con- 

cluded that the rupture was related to the 
drilling (Science, 29 September 2006, 
p. 1865), But some Indonesian officials 
have pinned the blame on a magnitude-6.3 
ke on 27 May 2006 that leveled 
parts of the ancient capital Yoryakarta, 
280 kilometers southeast of Sidoarjo, 
The new report discounts the earthquake 
enario. Afier analyzing the site's geology, 
Richard Davies, a geologist at Durham Uni- 
versity in the UK., and colleagues argue that 
the drilling penetrated a highly pressurized 
and permeable limestone formation about 
2800 meters deep. In the absence of a casing 
toprotect the drill hole, fuid gushed back up, 
suffusing sediments and forcing mud to the 
surface through new fissures. 

Davies's scenario, in this month's issue of 
GSA Today, bas sparked a vigorous debate. It's 
“convincing.” says Michael Manga, a geolo- 
gist at the University of California, Berkeley, 
‘who has studied how earthquakes trigger vol- 
canic eruptions. Manga says that in the 
Sidoarjo case. “the earthquake was too small 
and too faraway.” 


Others are not so sure. The GSA Toda 
report is “based on many speculations.” says 
Adriano Mazzini, a geologist at the Univer- 


sity of Oslo. The hypothesis relies on 


leased geologic data.” which Davies 
deseribes as drilling information provided to 
a co-author by a “reliable individual.” His 
team also gleaned details from press releases 
and Web sites, but they have not visited the 
site, Davies says. Mazzini, on the other hand, 
went to Sidoarjo last fall to gather informa- 
tion and mud. “I'm working on a paper with 
real samples and real data.” he says. But 
Mazzini ishedging hisbets:“"The earthquake 
could have contributed” he says “itis also 
possible the drilling contributed. 


_ 


Up and out. In 2 proposed scenario for Indonesia's 
mud eruption, a gas well is drilled far below a 
protective casing into permeable limestone, about 
2800 meters deep (A). Pressurized fluid escaping 
from the limestone formation fractures overlying 
strata (B) and carries mud to the surface (Q) 


A lack of consensus has exposed a rift in 
the government, Aburizal Bakrie, minister o 
people's welfare, maintains that the mud vol- 
cano is a natural disaster and not the result of 
human negligence. His family’s 
Group conglomerate partly owns Li 
Brantas, the drilling firm responsible 
hole. Last December, Indonesian President 
Susilo Bambang Yudhoyono ordered 
Lapindo Brantas to pay $420 million in com- 
msation to local residents, 

A more pressing cone 
flow can be stanched. “I would guess that 
stopping the eruption is impossible.” says 
Manga. Mazzini and Davies agree, But last, 
fall, William Abel, a Houston, Texas-based 
drilling expert who advises Lapindo Brantas, 
predicted that a relief well to intercept the 
original well 2100 meters down would allow 
engineers to plug the leak. However, work on 
the relief well was halted before it reached 
the target depth. After sinking more than 
‘$40 million into the relief well, “Lapindo 
Brantas has no more money, everybody has 
one from the [drilling] site, and the rig is 
being taken down,” says Rudi Rubiandini, 
petroleum engineer at the Institut Teknologi 
Bandung who advises Indonesia's Ministry 


whether the 


of Environment. Abel did not respond to a 
request for comment. 

jovernment is letting nature 
upto 
150,000 cubic meters per day, is being chan- 
neled into a river that carries ito the sea, 


For now, the 
course. The mud, spurtin; 


g 

i 

a 

of & 
‘venting fromthe subsurface may continue ifno 
3 

5 


taken,” says Roger Sassen, a peo 
Texas A&M University, Collexe 
Station, who studies mud voleanoes, And the 
disaster may even widen: Davies predicts that 
the mud-laden region may subside or even col- 
lapse into cavers created by subterranean er 
sion, taking with itany hope the villagers have 
‘ofever returning home,  -DENNIS NORMILE 5 
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In Embryos, Pancreas and Liver Reach 
Full Size in Different Ways 


As they morph from a clutch of cells to an 
elaborate system, organs stop growing. How 
they know when to do so has been an endur- 


ing mystery—and an increasin, 


one as researchers pursue 


at regrowing tissue and even whole on 
Ina study published online this week by 
Nature, Douglas Melton, who co- 


achusetts, and his colleagues suggest 
pancreas and liver have different strategies for 
the 
report that destroying cells destined to 
-ads to proportionally 


determinin, final size, The se 


become the pancreas le 
smaller organ, whereas the liver reaches nor- 


inal size despite the loss of starting cells, 
Researchers knew that the pancreas has a 
lackluster capacity to 1 
‘expected 
compensatory growth” in embryos, says 
P 
tute, a division of Novo Nordisk, in Gen- 
tofie, Denmark. Melton’s results indicate 
that powerful growth signals to the pancreas 
come from its own progenitor cells rather 


‘generate in adults, 


but many there would occur 


le Serup of the Hagedorn Research Insti- 


than from molecules elsewhere, says Serup, 
Suill, some caution that the poteney of exter- 
nal signals shouldn't be discounted, Pedro 
Herrera of the University of Geneva in 
Switzerland notes that paper he co-authored 
last ye: 
mol 


showed that upregulati 
Jecule beta-catenin in mice produced a 
pancreas four times larger than normal 
Inprevious work, Melton’s group had iden 
tified pancreas progenitor cells by a gene they 
expressed, Pdv/. In the new study, Melton and 
two members of his lab, Ben Si 
the University of Pennsylvania, and Akemi 
Tanaka, used a clever technique to ablate 
Pac -expressing cells in mouse embryos. The 


netically engineered mice so that 
cells activating Pav! would also turn on an 
inserted gene that encodes diphtheria toxin 
unless the animals were given the drug tetra 
cyeline. To control the proportion of embry- 
onic Pav /-expressing cells killed by the toxin, 
they gave pregnant mice tetracyeline at differ- 
cent times in their pre; The researchers 
found that embryos whose mothers weren’t 
given the drug until about 10 days into their 
development lost 60% of their Pdv/ cells and 
their pancreases grew to 36% of the normal 
size. Even when the antibiotic was adminis- 
tered early and few cells were lost. the pan- 
cereas ended up smaller than normal. 


In a second experiment, Melton’s group 
began with mouse embryos lacki 
altogether and injected them with diffe 
amounts of Ple/-producing cells. They saw 
the reverse effect: The more cells expressing 
Pax! the embryo received, the larger its pan- 
reas turned out to be. 

In the case of the liver, when Melton’s 


roup ablated at least 65% of early hepatic 
cells, organ growth was back to normal 
4 days later, Wher 


it comes to 


Stunted. Kling pancreatic progenitor cells in the frst 
days of the organ’s development left a mouse with 3 
pancreas (top, arom) that weighed less than half as 
‘much as a normal mouse pancreas bottom). 


tion, “the liver is a Ferrari,” says Ken Zaret 
of the Fox Chase Cancer Center in 
Philadelphia. Per 

The new study 
fundamental.” says Chris Wright of Vanderbilt 
University in Nashville, 
Melton, Wright believes tha 
the blood skin, and intestine contain stem cells 
that throughout life can proliferate and restock 
those tissues—as blood is replenished afier a 
donation. But progenitor cells for other 
‘organs, including the pancreas, may naturally 
undergo only a precise number of cell divi- 
sions. That limit would set the size of the 
organ, and the cells would have more diffi- 
culty restocking tissue later in life. Melton 


fennessee. Like 


JENNIFER COUZIN 
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Sharing a Killer 
The drive to share fl viral samples and infor 
mation is gathering strength. On 26 January, 
the executive board of the World Health Orga: 
nization (WHO) adopted a resolution that 
Uuiges member states to “ensure the routine 
and timely sharing" of biological samples and 
genetic sequence data related to novel and 
potentially pandemic flu viruses, including 
HSN1, recovered from humans and animals 
David Heymann, who heads WHO's pan 
demic influenza efforts, says the resolution is 
“a first step towards developing the political 
will for free sharing of viruses and genetic 
sequences.” The resolution, to be taken up in 
May by the WHO assembly, would formalize 
practices for sharing flu samples and informa: 
tion and could pave the way for proposals to 
transfer vaccine development technologies to 
developing counties. Itis “essential” to com: 
pare sequence data from human and animal 
viruses, says laria Capua, avirologist at Istituto 
Zooprofilattico Sperimentale delle Venezie in 
Legnaro, Italy. “DENNIS NORMILE 


Hubble Loses an Eye 

The main camera aboard NASA's orbiting 
Hubble Space Telescope has conked out, jeop- 
ardizing much ofthe work currently proposed 
for the aging scope. On 27 January, an electri 
‘al short in Hubble's Advanced Camera for 
Surveys (ACS), by far the most popular of the 
telescope’s four instruments, killed the cam. 
era's ability to see deep and wide. "t's really a 
blow to Hubble science,” says ACS principal 
investigator Holland Ford of Johns Hopkins 
University in Baltimore, Maryland. 

Installed in 2002, the ACS i the workhorse 
for broad surveys that probe the structure of the 
Cosmos. NASA engineers ae pessimistic about 
the prospect for repairs, although a camera 
Scheduled to be installed next year will be able 
{odo some of ACS's work. ADRIAN CHO 


Asia Boosts Science Bonds 


BANGKOK—Science chiefs of the Association 
of Southeast Asian Nations (ASEAN) member 
states have pledged to ease travel barriers and 
to intensify research collaborations. Meeting 
here last week, the oficials agreed to ask their 
governments for collaborative flagship pro: 
grams on disaster early-warning systems, bio 
fuels, open-source software, and foods that 
prevent disease; details wil be hammered out 
‘at a meeting in Vietnam in April. With ASEAN’s 
main fund $4 million below its $10 million 
‘goal, supporters hope industry will pitch in 
“RICHARD STONE 
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q/fot pots. Shards from Eilat Mazar’s dig in 
N jerusalem are at the center of the heated debate. 


Hebrew University in Jerusalem, contends 
that the discovery bolsters the traditional 
view that a powerful Jewish king reigned 
from a substantial city around 1000 B.C.E 
The news isthat this huge construction was 


not built by ancient Canaanites,” she says, 
referring to the people who lived in the 


region before the Jews, And she goes a step 
further, arguing that the site is probably that 
of David's palace. Mazar says she will soon 
publish new radiocarbon dates to back up 
her claim, But other archaeologists are hes- 
identity, and 


itant to assign the build 


some question the dating 


The city was a 
typical highland villa 


until a century or 
Tel Aviv University archaeolo- 
gist Israel Finkelstein, whose critique of 


t Jerusalem's influence has made him 
1 of scholarly ire (see sidebar, p. 591), 


That would make the biblical accounts 
wildly exaggerated, at best. 


spats about the dating of Iron 
Ag 


this one spills over into political and religious 


pot uncommon, but 


disputes as well, “You have similar situations 
throughout the ancient Near East, but they 
sate the same level of emotion,” say 
Lawson Younger, an epigrapher at Trinity 
International University in Deerfield. Hinois, 
Mai 
tians are eager to prove the accuracy of the 
stories about David and Solomon, whereas 


don'te 


y nationalist Israelis and devout Chris- 


some Palestinians suspect that Jewish: 


funded excavations aim at legitin 


Israeli control of a city that to Mustims is 
second only to Mecca, 

The tension over Jerusalem's past was evi= 
dent at recent meetings at Brown University 
and in Washington, D.C.,” where participants 


argued—sometimes loudly and angrily 
about dating pottery st 


Judging Jerusalem Semper 


Is, the influence of 


0, and the polities of 
the contentious mat- 


ly depends on refined dating tech- 


Has the palace of King David or Solomon been found? How big was Bist sate iss Gen anit a 
their capital? New excavations and a bitter dispute over chronology iyic- incall dcpenicon who you alkane 
put Jerusalem in the archaeological spotlight says Anson Rainey, a Tel Aviv University 


st. “hs all up in the air” 
PERCHED ONANARROWAND WINDSWEPT from which King D 
hillside and remote froma majortrade route, Solomon presided over a w 
the Jerusalem of 3 millennia 


dd and his son 
hy empire No simple site 
was from the Nile to the Euphrates. Jerusalem sits squarely in the center of the 


ignored by Mesopotamian archives and Now, new excavation ofa massive build- Levant region, which © 


nnects Africa and 
nensified an acrimo- Asia, But most of the ancient traffic of 
ts and bib- 


rated only a brief mention in Egyptian ing in Jerusalem hi 


chronicles. And despite a century anda half ni 


debate among archacok 
ists have yet to lical scholars over how to date and interpret 
uncover incontrovertible evidence of the finds from that early era. The 


haeological 
‘onn University, 12-14 November 2006, 
‘American Schools of Oriental Research annual 
ng, Washington, D.C, 15-18 November 2006. 


of excavations, archaeo 


xeaval 


impressive capital described in biblical texts team, led b 
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merchants and armies passed to the west, 
hugging the flat and well-watered 
Mediterranean coast (see map, p. 590), 
Deep in the hills between the Judean 
desert and the coast, Jerusalem is much 
younger than other sites in the region such 
as Megiddo or Jericho. Likely named for a 
Syrian god, the town is mentioned as 
as the 19th century B.C.E. in Egyptian 
writings. Excavations show that 5 cen- 
turies later the site was fortified by a peo- 


ple called the Jebusites, who are associ- 
ated with the Hittites of Anatolia. 

According to biblical texts, Jewish tribe 
began to infiltrate the region by that time, set- 
ting up the southern kingdom of Judea and 
the northern kingdom of Israel 
and finally conquering independ 
cent Jerusalem under King David 
around what textual scholars es 
mate was the year 1000 B.C.E 
David united the two kingdoms, 
and the Old Testament relates that 
his son Solomon turned the town 
into a showplace of the united 
monarchy, building several lavish 
buildings in Jerusalem and 
nearby cities, His empire col- 
lapsed shortly after his death, 
however, and the two kingdoms 
split. Jerusalem remained the 
capital of Judea for another 4 ei 
turies but was destroyed by Baby 
Jon's King Nebuchadnezzar, who 
took many Jews into captivity. 

There is, however, no dire 
archaeological evidence for the 
existence of the brief united 
monarchy and its empire 
Decades of excavations in the 
City of David—located just 
south of the later eity and just 
below what Muslims call the 
Harim al-Sharif and Jews dub 
the Temple Mount—provide an 
intriguing glimpse into the 
ancient town, But the data are 
difficult to interpret. “Jerusalem is not a 
simple archaeological site,” explains 
Amihai Mazar, an archaeologist at Hebrew 
University. Stone was quarried and reused 
over millennia, erosion has taken a toll on 
the steep hillsides, and excavations since 
the 1800s have sometimes added to the con- 

F fusion. And some of ancient Jerusalem is 

8 oft-limits to archaeology because of pol 

2 caland religious sensitivities, 

§ Now Eilat Mazar—a cousin to Amihai 

§ Mazar in the intimate world of Israeli archae- 
has wrapped up her second season off 

ing at what she argues is likely David's 
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palace. She announced her initial finds last 
year, making headlines around the world. In 
her team started digging at the top of a 
ge stepped-stone structure located at the 
narrowest point of the hill that makes up the 
City of David. That structure, an impressive 
37 meters high, is made up of stone 


that many archaeologists date tothe 12th cen- 
tury BCE. prior o the arrival ofthe Jews. 
Mazar, whose work is largely funded by a 
Jewish-American investment banker, has 
uncovered a large building on top of the 
and she believes both structures 
ted at the same time. “It’s very 
construction.” she 
ation shows a build- 


David's city. Mazar’s dig is south of the Dome of the Rock (top left) and in the 
neck ofthe teardrop-shaped hill that isthe ste of early Jerusalem, 


ig that covered as much as 2000 square 
meters. She adds that the complex appears to 
stand outside the original Jebusite eity, and 
both the new building and more elaborate 
pottery left after the building's construction 
mark a clear break with the past. The site 
Mazar notes. also matches biblical verse 
that talk of King David descending from his 
palace gh place. 

Other archaeologists, although united in 
their conviction that Mazar’s find is 
extremely important, are skeptical. Some 
maintain that it is more likely to be a Jeby 
citadel rather than a palace built by David or 


NEWSFOCUS | 


Solomon, whereas others question whether 
the complex can ever be accurately dated, 
given its poor state of preservation. 
building is in bad shape, and so far she 
not found a floor,” notes Gabriel Barkai, an 
archaeologist at Bar-Ian University in 
Ramat Gan who recently visited the site. 
That means “we have to rely on a chronolog- 
ical sandwich,” adds Amihai Mazar, who 
also is familiar with the dig. 


he 


Time troubles 

The key, then, is dating the elaborate pottery 
‘on the top and the coarse pottery on the bot- 
tom of that sandwich, And that is no easy 
matter, because no Jerusalem samples were 
radiocarbon-dated prior to 
Mazar’s recent finds, Earlier 
archaeologists had not bothered 
to gather organic samples 
because radiocarbon dates for 
historical time periods were 
imprecise, with error bars of 
1 of 2 centuries. Newer ealibra- 
tions can sometimes pinpoint 
dates to within 50 years (Science, 
15 September 2006, p, 1560), 
but it has taken time to adopt 


them. “Using radiocarbon in his- 
torical times is quite a young 
subject,” Amihai Mazar says. As 
a result, archaeologists here 
have dated sites based solely on 
pottery styles. 

Eilat Mazar dates the com- 
plex to about 1000 B.C.E., a date 
based both on new radiocarbon 
data as well as her interpretation 
of the pottery found at the site. 
Although many others see the 
plain ware as typical of the early 
Iron Age—that is, around the 
12th century B.C.E,—she 
believes it was used in Jebusite 
Jerusalem right up to the time of 
the Jews" arrival, Mazar has also 
taken three new radiocarbon 
samples of bone and olive pits from under 
the building—the first samples in Jerusalem 
to be subjected to radiocarbon dating. 
These were associated with the plain pot 
tery, and they date from 1050 B.C.E. to 
1000 B.C.E.. give or take a half 
just prior to the time of David, she 
also found a fourth sample at a later leve 
associated with more elaborate pottery with 
Phoenician and Cypriot influence, in what 
appears to be an addition to the buildi 
That material, which she believes was used 
by the early Jews in Jerusalem, dates to 
between 1050 B.C.E. and 780 B.C.E., with 
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‘one analysis pinpointing the most lik 
date to about 930 B.C.E. 

The radiocarbon data hav 
published, but even without them, 
Amihai Mazar, and most other archaeolo- 
gists who work in the area say that 
Jerusalem’s pottery-based chronology is 
good enough, if inexact. Others—including 
Finkelstein— vehemently disagree and are 
agitating for a more accurate system that 
anchors the pottery firmly to radiocarbon 
dates. They point to the many carbon-14 
samples obtained to the north of Jerusalem in 
the old kingdom of Israel. A team of Israeli 
scientists has taken more than $00 radio- 
carbon measurements from more than 
150 samples from 25 sites, primarily in the 
north, Those results, says team member Han 
Sharon of Hebrew University, provide com- 
pelling evidence that the conventional 
chronology is off by a century. placing 
events earlier than they occurred 

After visiting Mazar’s dig this week. 
Finkelstein says the building may be as late 
as the 6th century B.C.E. If so, the picture of 
4 10th century united monarchy with monu- 
mental buildings falls apart. “There is no evi- 
dence fora glamorous capital of Jerusalen 
he maintains, For him, the biblical accounts 


ities rather than historical accuracy. Archae- 
ologist Rafi Greenberg of Tel Aviv Univer- 
sity adds that the countryside around 
Jerusalem lacks the villages one would 
expect £0 support a substantial town or city 
“In the late 8th century B.C.E., there w 
rapid development, but we find zilch before 
then,” he says. “Jerusalem is the worst possi- 
ble site foragriculture and can only sustain 
optimist 


at best and foolish at worst. They say the 
carly Jewish city was well-fortified, included 
monumental buildings and structures, and 
operated as an important regional power, if 
not as the large empire imagined by biblical 
\wniters. Mazar’s find provides additional evi- 
dence of a significant city, says Jane Cahill, 
an archaeologist based in Houston, Texas, 
who is associated with Hebrew University 
and has dug in the City of David: “The 
stepped-stone structure is the most impres- 
sive monument in Israel until classical 
times.” Cahill estimates that 10th century 
BCE. Jerusalem, extending over 12 acres or 
5 hectares, was home to 1200 to 1500 peo- 
ple—small compared to contemporary cities 
such as Babylon, but large for the Judean 
thlands of the era, 

Finkelstein's and Greenberg's views are 
angrily challenged by many Jerusalem 
archaeologists, who accuse them of taking 
aan extreme “minimalist” View that the Bible 
offers little or no guidance for historians, “L 
believe in the accuracy of the biblical 
accounts—I don’t think they invented King 
Solomon,” declares Barkai, Cahill takes 
Finkelstein to task for mixing northern and 
southern potter sare cultur- 


of Solomon's golden 
turies later, with an eye to contempors 


€ were written cen 
y pol- 


Allin the Family 


‘Asa young archaeologist digging in the City of David, an ancient ste just 
south of walled Jerusalem, Eilat Mazar unearthed huge pottery vessels 
buried just before Nebuchadnezzar, the king of Babylon, destroyed 
Jerusalem 2500 years ago. The pots were stamped with ancient Hebrew 
‘writing—and she could read it. The moment crystallized her sense of 
belonging tothe contested city. “This was my language, not some foreign 
tongue, and itspeaks to who | am today and where | was born,” Mazar says, 
Today, at 50, Hebrew University archaeologist Mazar is wrapping up a 
second season uncovering what could be the most significant archaeolog, 


ical find in Jerusalem's history: the palace of the king 
‘who, according to biblical texts, united the ancient 
Israelites (see main text). For her, excavating in 
Jerusalem is more than a purely scientific endeavor; it 
is also a family affair, heavily steeped in the complex 
history, politics, and religion ofthe place. 

‘Mazar grew up in a secular home which nonethe- 
less included innumerable editions of the Bible and 
commentaries on it. She still prizes the Bible once 
owned by her grandfather, Benjamin Mazar, 2 
feniowned archaeologist and Polish emigrant. “He was 
‘my main teacher relative to thinking and methodol- 
‘ogy, and how to combine historical sources with 
archaeology,” she says. Mazat's attachment to those 
sources is legendary; she is fond of saying that she 
digs with one hand while holding the Bible in the 
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Palace puzzle. 


ally—about $00 people. 
But those who back the conventio 
chronology dismiss this view as uninformed 


pottery in Eilat M; 
ing tie it neatly to the 10th ce! 


‘other. But she insists her attachment is purely scholarly; “I've never felt a 
religious connection to my work. 

The connection, however, is deeply felt. She was outraged in 2000 when 
she leaned of building activities on the Temple Mount, an important site 
that fs called the Harim al-Sharif by Muslims, who have controlled it for 
‘most ofthe last millennium. Mazar formed a committee to protest destruc: 
tion of antiquities on the site but was disappointed when Israeli authorities 
{ook little action. She adds that her protest is not religious or politica: 
“Islamic monuments are being destroyed too, This sa site important to the 
world’s cultural heritage.” 

But some Palestinians find that hard to square with Israel's own 


"2 


policy about excavations. Hamed Salem, a Birzeit 
University archaeologist who lives near Mazar's cur- 
rent dig, explains that “the Palestinian view is that 
this dig is illegal” because the territory is consid- 
ered occupied by the Israelis under international 
law. “Archaeology is supposed to be neutral,” says 
Salem. “The conclusions which come out of this 
excavation will not be on a purely scientific basis.” 
‘Anda few Israeli archaeologists fear that her fund- 
ing, which comes through Jerusalem's Shalem Center, 
2 Jewish research institute, creates at least 
the appearance of a nationalist rather than purely 
scientific endeavor. 

Mazar, however, insists that she is not digging to 
prove anyone's preconceived notions. “I'm trying my 
best,” she says, “to keep an open mind.” —A.L. 
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And other archaeologists note that the lack 
of evidence for neighboring villages could 
be due to their establishment on exposed 
bedrock, leaving few traces behind. 

When pressed, however. Jerusalem 
archaeologists admit that their dating 
remains maddeningly imprecise. “We don’t 
have firm dates until we get to [Assyrian 
King] Sennacherib in 701 B.C.E..” says 
Rainey. “The question is whether radi 
carbon dating ean solv Barkai is 
deeply skeptical. “Given the margin of error, 
radiocarbon allows everyone to argue 
the position they already hold,” he says. 
*Carbon-14 is like a prostitute.” But others 
acknowledge that resolving the conflict ulti 
mately depends on more samples to provide 
absolute dating—which means firmly 
anchoring the pottery to radiocarbon dates. 
“There is no other way.” says Ayelet Gilboa, 
4 Haifa University archaeologist who is part 
fof the radiocarbon team. 

Amid the dispute, which at times appears 
bitter and deeply personal, there are signs of a 
convergence. "We all agree Jerusalem was 
not a major city, it was a small town,” says 
Amihiai Mazatr, Adds Hersehel Shanks. editor 
of Biblical Archaeological Review: “It wasn’t 
this big wonderful thing ... but a capital of a 
few small villages.” Cahill agrees that 
although Jerusalem was “a splendid city” 
‘compared to other highland towns, it was “a 
poor and sad place” compared to the metrop- 
olises of its day, For his part, Finkelstein 
acknowledges that Jerusalem may have 
‘expanded starting as early as 970 B.C.E.—in 
the late 10th century and only 50 years later 
than the position held by Cahill. 

Divisiv however, are inherent 
in the del lazar’s work is done in 
partnership with the Ir David Foundation, 
which says it is dedicated to “strengthening 
Israel's current and historic connection to 
Jerusalem.” Mahmoud Hawari, a Palestin- 
n archaeologist at Oxford University. 

\warns that “you cannot avoid a political and 
ideological motivation in discussing David 
and Solomon. Biblical archaeology has 
tried to prove that link and has served mod- 
em Zionism.” But Mazar defends her fund- 
ing. “I'm doing pure research, and no one 
tells me what to do or writ 
Ultimately, better data from tools suich as 
radiocarbon dating could provide clearer pic- 
ture of the ancient city. Gilboa believes a wave 

$ of data could lead to "a newand more vigorous 
§ biblical archaeology” that uses the Bible as a 
§ guide rater than diktat. That approach might 
§ allow archacologists to shed more light— 
§ and generate less heat—on Jerusalem's Iron 
8 Age predecessor. ANDREW LAWLER 
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Holy Land Prophet or Enfant Terrible? 


By suggesting that biblical figures such as David and Solomon were, at most, unimposing tribal 
chieftains ruling from 2 nondescript hill town, Israel Finkelstein has made himself a lightning 
rod. His controversial views about what took place 3000 years ago touch a nerve among many 
rnonacademic Israelis, evoking angry letters in the country’s newspapers from people question- 
ing his patriotism. 

It's an ironic position fora self-described “mainstream Zionist” who grew up in the first Zion- 
ist settlement in what is today Israel. The 57-year-old Tel Aviv University professors the ringleader 
‘of a small number of researchers who dispute the way archaeologists date their finds in the area 
around Jerusalem (see main text. If these scholarly renegades are correct, then the military 
‘exploits of Joshua, the brave deeds of David, and the wisdom of Solomon may be no more histor- 
ical than the medieval tales of King Arthur. Finkelstein says 
he wants to bring modern techniques to a rather fusty field 
that in his view depends too heavily on biblical texts—but his 
critics suspect his real goal isto grab the media spotlight. 

Finkelstein insists he didn't go looking for trouble. He 
recalls a “perfectly normal” childhood in which he pestered his 
parents to take him to archaeological sites. And until the 
19805, he published papers backing the conventional archae: 
‘ological chronology. He used pottery to date sites and assumed 
that the biblical texts provided a good road map for excava’ 
tors. But that changed in the early 1990s, when Palestinian 
uprisings forced him to give up digs in the highlands north of 
Jerusalem, He moved to the lantand city of Megiddo, 150 kilo 
meters north, Famed as the New Testament site of Armaged- 
don, the ancient town was the home ofan impressive gate and 
palace long considered Solomonic. 

‘At Megiddo, Finkelstein sensed something fundamental 
‘was wrong with the dating, so he plunged into carbon-14 sam 
ple gathering, which at the time was rarely used at historical 
sites. “Radiocarbon opened the way to put ourselves on solid 
‘ground, free ofall these arguments about the Bible,” he says. At about the same time, a team of 
researchers {rom several Israeli universities independently began to conduct carbon-14 analyses. 
They say they have good—although not conclusive—evidence that the conventional dating in the 
north of Israel is off by a century. That would mean the Megiddo structures were built after 
Solomon—and after the biblical united kingdom—by local rulers. 

The radiocarbon data fueled Finkelstein’s interest in, and suspicions of, the biblical accounts. 
‘Ater in-depth study, he says he decided that much of what was written about the era of David and 
Solomon was done long after the fact for political purposes. That conclusion led him to question 
archaeological work in Jerusalem, where he has never excavated. And it also created a political and 
religious as well as an academic firestorm, 

Inthe wake of the Holocaust, Israeli leaders, although secular, drew on the stories of fierce fight- 
ers and wise kings to create what Finkelstein calls “the myth of the new Jew, the fighting Jew.” His 
ritics—at meetings, in books, and in newspapers—railed against him as irresponsible and sensa- 
tionalistc. “He's a radical, politically and otherwise,” says William Dever, an archaeologist emeritus 
at the University of Arizona, Tucson. Dever has worked in Israel for 50 years and has known 
Finkelstein since he was a high school student. “Even then, he was insufferable,” Dever maintains. 
“For him, this isa kind of game and an ego trip. ... He has become too outrageous.” 

Jane Cahill, an archaeologist associated with Hebrew University, agrees that Finkelstein 
“requires his detractors to carry the burden of proof” and that he “resorts to bellicose rhetoric.” 
Finkelstein dismisses the criticism as the lst gasp of a conservative establishment that is suspi- 
«ous of new techniques, fears undercutting the Bible, and is jealous of someone who works well 
with the megia; Finkelstein is a frequent television commentator, and his book sales are brisk. But 
he admits that he can come across as something of a bully. “| have a big mouth, and | know how 
to protect myself—1'm streetwise.” 

But even Finkelstein feels the heat sometimes. At a recent conference in Washington, D.C., he 
purposely avoided a session on 10th century B.C.E. Jerusalem. “It’s not good for my health," he 
‘explained with a hint of embarrassment.“ have daughters, and !have to ry tosurvive.” ALL. 


Bad boy. Finkelstein is nearly as 
controversial as his theories. 


wwwsciencemag.org SCIENCE VOL315 2FEBRUARY 2007 


591 


NEWSFOCUS 


CANCER RESEARGH 


Probing the Roots ’ 
Of Race and Cancer 


African-Americanwomen are more likely to develop ro 
aggressive breasttumors than are Caucasians. ca 
Funmi Olopade is frying to understand why 


CHICAGO, ILLINOIS—The breast cancer Olopade and a numbe F scien hance of developing in nm is 
patients Olufunmilayo Olopade saw asa — are finding somethin, about 20% greater. 
resident at Cook County Hospital in zen studies, th Jocum Olopade, a commanding presence with a 
Chicago reminded her of home. In her breast tumors in African-Americ en radio announcer’s voice, was one of the first 
native Nigeria, as in the Chicago, Mine jend to be more aggres r Il attention to these differencesin the la 
neighborhoods served by Cook County, the to treatment, and m i 1990s, Today, she treats patients at the Uni 
women sh th breast cancer were before menop: ersity of Chicago (U Chicago), where she 
often poor, black, unusually young, and — whites and other e : also runs a 12-person molecular biology lab 
very ill. Chicago was a world apart from the es persis i cian stand participates in a vast, multimillion-dollar 
Lagos that Olopade had left behind in 1982 Vf ‘udy of the effects of stress on breast cancer 
She had come to the United States to collect ght toe ibility in mice and people, Her n 
1 brother who had dropped out of graduate : An. fork is growing. Last year, she inspired the 
school. Instead, she wound up settling in © “scien disparit founder of Crate and Barrel, the home fur- 
thi ing at Cook Count , i nishings retail chain, to help raise $1 million 
she became intrigued by the cancer . i the unive t cancer research 
lels: Often the tumors were aggressive, the y'l efforts, In 206 MacArthur Foundation 
patients were young. and, in racially diverse dismissive of y teal gulf in rewarded her \ ne of its $500,000. 
Chicago, they were disproportionately of access to care. And the c-_no-strings-attached grants, 
African descent. “What is this about?” she si Olopade s by the nickname 
remembers thinking cha Funmi, is Arthur money to 
Twenty-five years later, that question and es pe ch st trace the parity to where its 
anchors Olopade’s expansive and frenetic clude there may be a di roots m: n Africa, Her effort 
efforts to unravel the disparities of breast says Wend a intensified after tumor samples she co 


cancer. It’s long been known that black ogist who treats breast cancer at M. D. ted 3 years ago from women in Nigeria 


women, althou: likely to suffer from Anderson Cancer Center in H and Senegal revealed an even higher rate 


the dis are far She recently reported y ive disease than in African-American 3 


to die of it, a difference tradition women with breast cancer rec e same suggesting that genetics may p 
uted to lack of access to health care ment as whites in ¢ he difference 


Troubling differences 
Studying disparity was not 
what Olopade first had in 
mind, When she arrived at the 
University of Chicago, she 
focused on the genetics of 
Jeukemia and lymphoma and 
later on breast cancer, Two 
genes that conferred a high 
risk of breast cancer, BRCA/ and BRCA2, 
had recently been discovered, and Olopade 
established a clinic to counsel and treat 
women with BRCA mutations and other 
high-risk characteristics. 

Many of the young black women in her 
clinic who had not inherited BRCA mutations, 
Olopade noticed, nonetheless seemed to 
develop a form of breast cancer that closely 
resembled that seen in BRCA/ carriers, Known: 
as estrogen-receptor-negative (ER-negative) 
breast cancer, these tumors are not fueled by 
‘estrogen and do not respond to drugs such as 
tamoxifen and raloxifene that cut off their 
supply of the hormone. They also tend to 
metastasize and spread more quickly than 
ER-positive tumors, 

Asa breast oncologist, “you really get hit 
in the face with the relatively unique ordiffer- 
ent cancers that are afflicting women of 
African background.” says Lisa Newman, 
director of the breast care center at the Uni- 
versity of Michigan, Ann Arbor. Like 
Olopade, she was struck by the young age of 
many of her black patients—and indeed, 
studies have shown that 31% of African- 

American breast cancer sufferers are under 
age 50; the comparable figure for white 
§ Americans is 21%, Furthermore, systematic 
surveys have recently confirmed the ance- 
| otal evidence gathered by physicians such as 


Olopade and Newman: Nearly 40% of breast 
cancer cases among African-American 
women are ER-negativ 
234% of cases among whites. 
As technologies advance. clinicians are 
identifying cancers by more precise signa- 
tures, Last June, for example, a team of 

Y U.S. and Canadian researchers published 
results in The Journal of the American Med- 
ical Association from the Carolina Breast 
© Cancer Study, which examined the preva- 
lence of different breast cancer subtypes 
among 496 breast cancer patients. The 
researchers were particularly interested in 
a high-risk “basal-like subtype.” These 
“triple-negative” tumors—negative for esiro- 
E wen receptors, progesterone receptors, and 
2 human epidermal growth factor receptor-2 
3 (HER2)—tend to spread quickly. And because 
8 they don't respond to targeted new drugs, they 
& canbe hit only with traditional chemotherapy. 


compared with 


Caucasians 134/100,000 


Five years ater diagnosis. 


Triple-negative tumors, it turns out, 
are also unusually prevalent in young 
African-American women. Of the 97 pre- 
menopausal Affican Americans in the C 
olina Breast Cancer study, 39% had this 
subtype. Among postmenopausal African 
Americans, the number was 14%, whereas 
in the 300 non-African Americans, regard- 
less of age, it held steady at 16%. “The 
question is how much is nature, how much 
is nurture, how much is something else?” 
says Lisa Carey, a breast oncologist at the 
University of North Carolina, Chapel Hill, 
who helped conduct the study. 


jack to Africa 
started off thinking that it was all genetics.” 
explains Olopade. On a frigid December day 
in Chicago, she’s striding between campus 
buildings aftera meeting with members of the 
National Institutes of Health, Three officials 
are in town for the day to evaluate the univer 
sity’s $9.7 million Center for Interdisciplinary 


Triple jeopardy. Breast tumors negative for three 
key markers (top) are tougher to treat than the 
\tiple-positive variety (bottom: in one study, 39% of 
young African Americans had tniple-negative tumors, 
compared to 16% of Caucasians. 
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Health Disparities Research, 
which Olopade helped launch 
\with her next-door neighbor and 
U Chicago colleague, biopsy- 
chologist Martha McClintock, 
and social scientist Sarah Gehlert, 
Olopade, ina black suit with thin 
white stripes and a black coat 
‘with fur tim, shows no signs of 
fatigue despite having left the hospital at mid- 
night the night before, after admitting two seri- 
ously ill African-American breast cancer 
patients, Word among her colleagues is that 
she rarely sleeps. 

‘She's also one ofa tiny handful of breast 
cancer experts turning to Africa to help 
explain racial disparities. Afier confirming, 
that fewer than 10% of the women ina 
‘group of patients from Nigeria had inher- 
ited a BRCA mutation, Olopade found that a 
startling 77% of 378 samples from Nigeria 
and Senegal were ER-negative. This con- 
trasts with 39% in African Americans and 
23% in Caucasians. Although many of the 
African women were young, and younger 
breast cancer patients are more prone to 
have ER-negative tumors, the numbers were 
still off the charts, “This just blew us away.” 
she says. Those results, which Olopade and 
her colleagues presented itt a eancer meet- 
ing in 2005 and are readying for public: 
tion, led her to believe that aggressive 
breast cancers in blacks are driven by an 
interplay of genes and environment, 

These days, Olopade is joined in Africa 
bby Newman, who is recruiting breast cancer 
patients in Kumasi, Ghana, in collaboration 
With Ghanaian investigators, “A lot of the 
slavefs] came through” Ghana before trav- 
cling to America, notes Newman, who 
hopes that by comparing samples from 
Ghanaian women with those from African 
Americans and whites, she'll develop ab 
ter understanding of what's driving aggre 
sive. ER-negative disease. 

Like others in the field, Newman has 
encountered concern about turning back 10 
“an era of practicing race medicine, where 
‘you get one type of care if you're black and 
ss. Newmal 
‘who's African-American herself, decries that 
view. “We're talking about a cancer-control 
issue,” she says. “Getting better sense ofthe 
hereditary issues ... has implications for 
women worldwide.” 

But in tackling the genetics behind breast 
cancer disparity. researchers must also 
address what race, a crude construct. really 
means, “Race is not a scientific category.” 
says Harold Freeman, a cancer surgeon and 
medical director of the Ralph Lauren Center 


wwwsciencemag.org SCIENCE VOL315 2FEBRUARY 2007 


593 


| NEWSFOCUS 


594 


for Cancer Care and Prevention in New York 
City. While he praises Olopade’s work, he is 
skeptical about performing research on pop- 
ulations whose distinctions he considers 
socially determined, And even if biolo 
differences are relevant, Africans and 
African Americans “come from the most 
genetically diverse continent in the world,” 
says Lovell Jones, who conducts health dis- 
parities research at M. D. Anderson Cancer 
Center. I's important to specify race accord- 
ing to place of origin and not rely on vague 
ys. He's beginning a study of 

ants in Houston, their rela- 
nd 
wo 


identities, he 
Nigerian imm 
tives who remain in Afric 
African-American wom 
determine whether susceptibility 


to breast cancer differs 


of estimating the importance of 
environmental factors 

Olopade is taking a closer 
look at environment herself 
Several years ago, she launched 
another Nigerian project, now 
funded by the US. National Can- 
cer Institute, for which she’s 
recruiting 2000 women, half with 
breast cancer and half without, 


She and her colleagues are yath- 
ering information about their 
‘environment, family histor 
if relevant, their tumors, M 
bersof her lab are also now stud 
ing African-American breast 
tumors for patterns of methyla- 
tion— regulatory alterations 

DNA—in the BRCA/ gene, 
Olopade wonders whether an 
altered form ofthe normal BRCA/ 
gene could account for more 


and, 


‘agressive tumors in some blacks, 
DNA methylation can be 
brought about by environmental 
factors, agrees Lieutenant 
Colonel Larry Maxwell, director 
ic disease pro- 
gra ter Reed Army Me 
ical Center in Washington, D.C. 
His work focuses on uterine cancer. in which 
black Women more often fare worse than 
\whites. Maxwell is studying methylation pat- 
tems to discem differences in the tumors of 
African Americans and Caucasians. 

In the Chicago health-disparity center to 
which Olopade devotes a slice of her time, 
another environmental driver may be emerg- 
ing. Co-Director McClintock has shown that 
when rats are socially isolated early in life, 
increasing stress and vigilance and prompt 
they develop 
earlier and four times 


ing immune system cha 
breast tumors 40 
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more ofien than do animals housed in groups. 
The isolated rats also display larger, more 


aggressive tumors, 
‘Now the center is recruiting hundreds of 
African-American wom 


n with breast cancer 
whether social 
evels predispose 
to cancer, “The whole idea is to elevate it to a 
science,” siys Olopade of disparity research. 


Branching out 

The field seems to be gaining momentum. In 
‘October, the American Association for Cancer 
Research (AACR) hosted 30 researchers in 


Sleuthing for answers. Olopade, with one of her patients, is 
adamant that the black-white su 
inadequate access to health care. 


val gap isn't due only to 


Philadelphia, Pennsylvania, to discuss the se 
nce of cancer disparities and plan a large 
meeting on the subject for the end of 2007. 
which Olopade will co-chair. “It's been under- 
studied,” admits Margaret Foti, chief execu- 
tive officer of AACR. of disparity 
Kathy Albain, a breast oncolog 
Loyola University Medical Center in 
Maywood, Ilinois, has been poring over 
data from decades of clinical trials. Amon; 
19,400 patients, 12% of whom were African 
American, differences in survival by ra 
ed for ovarian, breast, and prostate 


cancers. Despite uniform treatment, blacks 
fared worse, on average, than whites, even 
after adjusting for differences in tumor type 
and other factors. But no comparable sur- 
vival differences surfaced for other cancers, 


including lung cancer, leukemia, colon can- 
cer, and multiple myeloma. “There must be 
mething else going on pertaining to 
molecular biology, pharmacogeneties, hor- 
monal issues.” says Albain, who presented 
her most recent data, an in-depth analysis of 
more than 6000 bre 
meeting last De 
Texas. She and her colleag 


ast canes 


s are looking 
more closely at a number of other variables 
in the different cancers, from white blood 


cell counts to drug di 
Even as disparity re 
entists, it remains a touchy topic, It's “a very 
loaded area,” says Timothy Rebbeck, who 
studies prostate cancer disparities at the Uni- 
versity of Pennsylv 
saying. "There is a genetic basis to health dis- 
parities.’ It's something you have to say very 
fully so it doesn't get misinterpreted, 
‘Some cancer researchers also worry that 
disparity research could lend support to racial 
otyping, “If you listen to some folks, 
it sounds like they're talking about blacks 
having weaker genetics.” says Otis Brawley, 
deputy director of the Emory Winship Cancer 
Institute in Atlanta, Georgia, Brawley 
believes that studying the science of dispari- 
ties has distracted from focusing on dispari- 


reh draws more 


nia. “You can imagine 


ties in treatment and access to 
the only one who feels this way.” he adds, 
although “I may be the loudest.” 
Olopade the straight talker responds 
pguing that the 
sees is not 


forcefully to such criticisms, 

aggressive disease she so oft 
due only to povert 
care. And she has strong defenders, espe- 
cially among colleagues such as Rebbeck, 
who has collaborated with her for many 
years. “She's very outspoken and forceful 
and direct in a good way.” he 


id lack of access to 


Olopade says that her patients are the ones 
\who really remind her how broad disparities 
research should be. Visiting the hospital room 


and whose triple-ne; 
through her chest, she touches the woman 
-ntly on the shoulder, inquires about her 
family, and asks her to please listen to her doc- 
tors. “Itkeeps me thinking—that woman, why 
is she in the position sh 
later, “IFT don’t have the experien 
patients like that, who walk in, 
disparities.” she says, 


would never get it 
“JENNIFER COUZIN 
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SCIENCE EDUCATION 


States Urged to Sign Up for a 
Higher Standard of Learning 


Legistators, expert panel join the chorus of those seeking a voluntary national standard 


for science and math in U.S. schools 


Mississippi education officials patted 
themselves on the back in 2005 when state- 
administered tests showed that 53% of the 
state's Sth graders were proficient in math 

a jump of 14 percentage points in the 3 years 
since federal mandates for improvin 
performance went into effect, But a few 
‘months later, a nonbinding, nationwide eval- 
uation found that only 13% of that cohort 
\were proficient, ranking Mississippi last on 
the country’s math scorecard. The discrep- 
ancy—a product of standards that reflect the 


school 


state's low expectations for student achieve- 
‘ment in math—earned Mississippi a “eream 
puft” award from an education journal 
published by Stanford's Hoover Institution, 
The tremendous variation in what a state 
teaches and the way it measures how well 


children are learning has triggered a move for 
national standards and assessments in el 


mentary and secondary school science 
math edueation, Last month, two legislators 


Wg active in education reform—S 
Christopher Dodd (D-CT) and Representa- 
tive Vernion Ehlers (R-MI)—introduced a bill 
to create and implement a set of voluntary 


national standards in math and science. A 
week later. a panel reporting to the policy 
making body that oversees the National Sei- 
‘ence Foundation went further, calling not just 
1 
jent achievement in sci- 
nal certification for 

urrently. we have 


for national standards but also for ni 


assessments of St 
‘ence and math and nat 
teachers in those fields 


states adopting less-than-rigorous standards 
ys Shirley Malcom, 


Science Board's 


to game the system; 
ir of the Nationa 


Commission on 21st Century Education in 


resources programs at AAAS (publisher of 
Science), “As a nation, we need to drive a 
stake in the ground and say this cannot go on.” 

The push for national standards comes on 
the fifth anniversary of the No Child Left 
Behind (NCLB) Act, the signature education 
program of President George W. Bush, which 
requires states to assess what their students 
have leaned. To do so, each state developed 
its own standards and tests. Proponents say 
that having national standards is the only wary 


Learn to earn, Representative Vern Ehlers (ef and 
Senator Chris Dodd say uniform science and math 
standards will help the U.S, economy. 


to ensure that the country produces enough 
sciemtifically literate graduates to keep the 


United States competitive in a global econ- 
omy. But the idea is controversial. The Bush 
Administration and many legislators and 
industry leaders say that national standards 
‘would undermine state and local authorities, 
who traditionally are responsible for pr 
college education, And even propone 
tion worry 


improved math and science edu 
that it might divert attention from their goal of 
improving NCLB, which expires this year. 
“The Adminis- 
ins its 
commitment to local 
control and supports 
state development of 


content standards 
and assessments,” 
says Chad Colby. a 
spokesperson for 
the US. Department 
of Education. Adds 
Jacque Johnson of 
the US. Chamber of 
We 
not encouraging consideration of national 
standards because it would become a 
distraction from moving forward on 
reauthorizing NCLB this year.” 

Under the current law, states must test stu= 
dents in reading and math every year in 
grades 3-8, Schools that fail to make ad 
quate yearly progress on state-designed tests 
must spend federal finds to improve student 
performance. Allowing states to establish 
their own standards and test to those stan- 


Mixed success. 


Commerce: 
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dards, Dodd says, creates a “picture of excel- 
lence {that} isan illusion.” 

Dodd's bill, called the Standards to Pro- 
vide Educational Achievement for Kids 
(SPEAK) Act, would provide states with a 
financial incentive to adopt voluntary 
national standards developed by the National 
Assessments Governing Board, which over- 
sees the National Assessment of Educational 
ss (NAEP). The legislation crea 
on fund that would provide com- 
rants to interested states for imple- 
‘menting the core standards and then reward 
states that do, SPEAK would also extend by 
up to4 years the 2014 deadline for every st 
dent to reach an acceptable level of learning, 

Thearchitects of the legislation argue that 
itwill not only improve the quality of science 
and math education but also help the country 
deliver on its promise of equal opportunity 

Asa result of varied standards, exams, and 
proficiency levels, America’s highly mobile 
student-aged population moves through the 
nation’s schools gaining widely varying levels 
of knowledge, skills, and preparedness.” 
Dodd says. “Voluntary, core American st 
dards {will ensure] that all American students 
the same opportunity to learn toa 
rid no matter where they reside.” 

Proponents of the measure acknowledge 
that it will face stiff resistance, but they hope 
to overcome the odds. “We have a window of 
opportunity now with rising concern about 


America’s performance in math and science 
and the buzz around national compet 
ness,” says a congressional aide, “States are 
realizing that they 
mnust impr 


ve science 
State 
and math education 


to attract 


NAEP 


Dodd hopes that 
peer pressure will 
encourage states to 
sign up for the volun- 
tary standards, which 
they will have a role 
in developing. “I 
wouldn't want to be 
the governor who has 
to explain why his state isn't able to compete 
with the rest of the country.” he quips. And 
¢ standards are ready, he points out, 
“will have the option to add additional 
content requirements, they will have final say 


once 
state 


in how coursework is sequenced, and, ulti= 
mately, states and districts will still be the ones 
developing the curriculum, choosing the text- 
books, and administering the tests. The stan- 
dards will simply serve asa common core? 

-YUDHI}IT BHATTACHARJEE 
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LETTERS 


edited by Etta Kavanagh 


Studying Students in Montessori Schools 


IN THEIR EDUCATION FORUM “EVALUATING MONTESSORI EDUCATION. 
A. Lillard and N, Else 


schools and havin; 


(29 SEPT. 2006, P. 1893), 


Quest present Montessori education as being superior to other types of 


‘remarkable outcomes.” Unfortunately, the analyses backing these value 


nis are plagued by methodological and statistical problems and thus do not provide sup- 
port for such claims, 
To evaluate Mon 


children trom a sing 


essori education, Lillard and Else-Quest measured the performance of 
¢ Montessori school—a textbook example of pseudo-replication. The 
only test performed was thus if this particular 


school is a good school or not, But not even on 


that level was the comparison entirely valid, 


because the pupils in the school were compared 
With children mainly attendin; 
schools (72° 


inner-city public 


in 5-year-olds; 78% in 12-year 


olds) Fy of schools most often subject 
to social and economic problems, 
Further, the sex ratio in the Montessori sample 


was equall or skewed toward girls (50% girls in 5 


Ids). while the Children using a computer at a Montessori 


school. 


sex ratio in the inner-city public-school sample 
Was skewed toward boy's (600% boys in $-year-olds 
64 
nnot even With the study set up in this way did the Montessori school come o 

Pupils in the girl-dominated Montessori sample rather unsurprisingly scored higher on tests 
uring social ability th 


boys in 12-year-olds). Girls in these ups generally outscore boys (1, 2). However, 


n pupils in the boy-domin; 
car-olds in the Montessori sam 


ed inner-city school sample. But the 


le did better in tests meas- 
nlds. 
lly noteworthy result in this study is that fora sample consisting of main! 


study also reported that although 


uring cognitive/academic measures, no such difference could be found in the 12-ye 
The only r 
particular school in Milwaukee, seve 


ls 
years of Montessori education has resulted in no 
foupof mainly boys hav~ 


detectable difference in academic performance in comparison witha 
i subject to schooling in Milwaukee 


r city public schools. Because alternative 
schools can be assumed to attract more dedicated teachers and often have superior resources to 
he 
rls tend to outscore young boys acade 


density and a special set of educa- 


aca, this is 


public schools (Montessori schools require a high te 


tional materials) and because youn 
more a quality statement for Milwaukee public schools than anything, 


To make informed choices about schooling. parents and policy-makers everywhere are in 


nded misinfor- 


dire need of proper comparisons between different education systems. Unint 


mation thre 


poorly performed studies only serves to make the current state of confusion 
over the pros and cons of various education systems worse. 
PATRIK LINDENFORS 


Department of Zaology, Stockholm University, 5-106 91 Stockholm, Smeden. 
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IN THEIR EDUCATION FORUM “EVALUATING 
Montessori education” (29 Sept., p. 1893), A. 
Lillard and N. Else 
differential peer influences between their test 
and control groups of students may contribute 


Quest do not consider that 


to the differences they observed, The authors 
controlled for parental effects by examining 
only students whose parents had entered a 
lottery for entry into a Montessori school 


However, the students who were unable to 


attend the Montessori school because their 


parents “lost” the lottery were dispersed to tra- 
ditional schools, where they would have been 
educated with a majority of peers whose par- 
cents did not enter the lottery at all, The differ- 
ences they found in the academic and behav- 
ioral performance of students in Montessori 
and traditional schools may not reflect 


the superiority of the former educational 


approach, but the ne 
tionships in the latter. 


tive effect of peer rela- 


PHILLIP MACKINNON 


Faculty of Medicine, Nursing and Health Sciences, Monash 
University, Clayton, VIC 3800, Australi 


Response 
THE MONTESSORI SCHOOL WE STUDIED WAS 
an inner-city public school [see our note (3)] 
in the same school districts the other 27 city 


public schools, was given the same per-pupil 


funding as th 


district gives all its schools, and 


received no other funds toward the educa- 
tional program, Although itis a single school 
the traditional Montessori implementation, 
regulated by the Association Montessori 
Intemationale (AML), makes it very similar to 


other AMI Montessori schools; I would be 

wary of assuming similar results at non-AMI 

Montessori schools. Still, replication in other 
ble. 

e significantly to 


school districts is clearly desi 


Gender did not contribu 


any of the differences reported in the paper 
all tests, we found significant differences 
favoring the Montessori samples, but analy- 
nder on these variables at those ages. 
led no differences between the boys and 


sesby 


ender differences tend to be 


small ei 
significance in studies with small samples. 


ough that they often do not attain 


nder differences on several 
tests at where gender is unbalanced, 
but in the opposite direction for Montessori 


There were 


mag.org 


than the Letter presumes: Montessori boys at 
age 12 performed best of all the groups on 


those tests, In addition, the study was not set 
up to have gender representation differences 


across samples; th ‘equal represen 
tation, but the retumed permission slips dic 
tated the distributions, 

Although the 12. 
years of Montessori schoolin 


lds had 6 more 


ind thus one 
could argue should have shown stronger a 
demic differences than the 5-year-olds, they 


also had 6 more years of enculturation in their 


low-income communities and homes that 
might work against what happens inside the 
school walls, Although the current environ 


‘ment emphasizes only academic tests, social 


skills were inclu this study, on the 
grounds that they are extremely important in 


life—olten, one could at 


ue, More important 
than having superior academic skills. 
Contrary to Lindentors’s assumption, ta 


tional Montessori actually has a rather low 
teacher density. The AMI standard teacher-child 
ratio is 1:28 to 1:35. Regandless, the notion that 
teacher-child ratio is related to student achie 


‘ment is misguided: Relations have sometimes 


been found in first grade (7), but not consis 
tently enough to claim it generally true (2). 
Also. Montessori is not more expensive 
than traditional schooling: oncea classroom is 
outfitted with materials (at a cost of roughly 


$25,000), the costs per year are less (esti~ 
mated at $800 per year by the North American 
Montessori Teachers’ Association) than in 
traditional classrooms because there are no 
The notion that per- 
pupil expenditures have an impact on student 
achievement is also not upheld by the data (3) 

MacKinnon makes the excellent su 
tion that child outcomes at the Montessori 


textbooks to replace, 


school might be the result of having peers 
‘whose parents entered them in a lottery. One 
way to investigate this is to see whether chil- 
dren in control schools that also admit by lot- 
tery (thus, their classmates might have listed 
that school as their first choice) did better than 
children at control schools that did not. 
Mibwaukee does not make obvious to an out- 
sider which schools admit by lottery. but they 
do indicate that Citywide Specialty Schools 
are more likely to. The control children in our 
study who wereat Citywide Specialty Schools 


did not as a group perform as well as the chil- 
dren at the Montessori school studied, su; 
gesting that the results were not simply due to 


chooling with peers whose parents entered 


‘ANGELINE LILLARD? AND NICOLE ELSE-QUEST? 


Department of Psychology, University of Virginia, 
Charlottesville, VA22904, USA ‘Department of Psychology, 
‘Univesity of Wisconsin, Madison, W153202, USA 
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Darwin: Not the First to 
Sketch a Tree 


IN THE PERSPECTIVE BY A. ROKAS, “GENOMICS 
(29 Sept. p. 1897). the 
caption to the accompanying photo identi: 
fies Charles Darwin's 1868 notebook sketch 
as “the first known sketch ofan evolutionary 
tree." This is mistaken. Nearly 60 years ear- 
lier, in 1809, Jean Baptiste Lan 
sented an evolutionary tree of th 


and the tree of li 


Philosophie Zoologique (1). Modern evolu 
tionary biologists would benefit from read- 


TABLE 


Lamarck’s evolutionary tree [redrawn from (2)] 
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Lamarck; there is much nonsense in his 
work, but there are also quite substantial 
insights. Lamarck towered over his cont 
poraries in both the rigor of his evolutionary 
thought and the identification of a credible, 
coherent, and falsifiable hypothesis for the 
mechanism of evolutionary change. That 
his mechanism was wrong does not take 
thing away from the originality of his 
thought (although his failure to test his 
hypothesis is not consistent with current sci~ 


“a 


entific practice and is la 


ely responsible for 


his current neglect) 
MARK WHEEUS 

Section of Microbiology, University of California, Davis, 

Davis, CA95616, USA. E-mail: minheelis@ucdavis edu 
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Human Dispersal 
into Australasia 


WE AGREE WITH P. MELLARS THAT LONG: 
distance dispersal of prehistoric human popula 
tions may 


wolve multiple small founder 
effects with consequent loss of genetic diver- 
sity—and possibly also cultural traits—with, 
‘ 
al perspectives o 


distance from source (“Going e: 

nd archacologi 
the modern human colonization of Eurasia’ 
Special Section; Migration and Dispersal, Re 
view, 11 Aug. 2006, p. 796). However: 
walian 
‘consistent with this pattern, 

Genetic studies of the mitochondrial DNA 
(mtDNA) of indigenous Australians have only 
just begun, with fewer than 300 individuals. 
sampled from less than 5% of the continent's 
landmass (/-3). Even so, observed mtDNA 
variation in Australians already includes five 
Australia-specific haplogroups, and more if 
New Guinea samples are added to represent the 
Jandmass that was Sahul for most of the 0,000 
to 60,000 years that humans have occupied the 
island continent (4, 5). Larger, continent-wide 
samples may well show Austr 


netic and stone artifict data a 


jia to have been 


genetically diverse as Europe or Africa, 

‘The earliest Australian stone artifact indus- 
tries consist of small flakes and flake tools 
\with some prepared platform cores and occa 
sional radial or centripetal cores, and are 
strongly influenced by the form of local stone 
materials (6, 7). Itis unlikely that these indus- 
tries carry the sort of cultural information that 


Mellars and others assume. His argument 
that these are “Mode 4” (Upper Palaeolithic) 
industries that devolved in response to local 
conditions (8) lacks parsimony, given that 
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simitar assemblages are found in middle Pleis- 
tocene and other early contexts in neighboring 
parts of Southeast Asia (9). Also, the bal- 
ance of evidence indicates only a weak rela- 
tionship between Mode 4 industries and the 
spread of modern humans (8). In northeast 
and central Asia, these industries appear to 
have locally developed (/0) andl subsequently 
diffused into Europe and the Near East, rather 
than originating in Affica (//, 12) 

Collectively, these data suggest that the 
cultural and genetic history of Australasia is 
‘more complex than a single dispersal model 
stich as “Out-of-A fica 2” allows, 

MIKE A. SMITH, PAULS, C. TACON,? 
DARREN CURNOE,* ALAN THORNE* 


‘National Museum of Australia, GPO Box 1902, Canberra 
[ACT 2601, Australia, ‘School of As, Griith Unversity, PMB, 
50, Gold Coast Mail Centre, QLD 9726, Australia. "School of 
Medical Sciences, University of New South Wales, Syiney, 
[NSW 2052, Australia “Archaeology and Natural Histor, 
Research School of Pacific and Asian Studies, The Australi 
National Univesity, Canberra, ACTO200, Australia, 
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Response 
| APPRECIATE SMITH ET AL."S SUPPORT FOR 
my general model of @ progressive loss in the 
genetic and technological diversity as mod- 
cern human populations dispersed from their 
African homeland to other parts of the world. 
However, I find the remainder of their angu- 
ments unconvincing. 
Despite the high etic diversity of mod- 
ian and New Guinea populations, 
nt genetic data indicate unambigu- 
‘ously that all of these populations derive ulti- 
mately from the nwo out-of-Africa mtDNA 
lineages M and N (in turn derived directly 
from the African L3 lineage) and from the 
Y chromosome founder lineages C and F 
(U-3), Any subsequent diversity in these pop- 
ulations must derive from genetic mutations 
that occurred afer the original out-of-A\tica 
dispersal around 50,000 to 60,000 yea 
[U2 4. 5): my Report]. 

Tam equ 
vations on the archaeolo 


CORRECTIONS AND CLARIFICATIONS 
Reports: “Dual infection with HIV and malaria fuels the spread ofboth diseases in sub-Saharan rica” by LJ. Abu-Raddad eto. 
(8 Dec 2006, p. 1603). The fist sertence ofthe paper, “In Alrca, an estimated 40 milion people are infected with HV, 
resulting in an annual mortality of over 3 milion (2), while over 500 milion clinical Plasmodium falciparum infections occur 
‘every year wth more than a million malria-associted deaths.” fs incorrect. These numbers refer to worldwide umber for 
both infections, not jst i Africa.The numberof HiVnfected persons in Arica is approximately 25 milion, and the number 
‘of malaria infections is roughly 350 milion 

Perspectives: “How fst does gold trickle out of volcanoes?” by C A. Heinrich (13 Oc, 2006, p. 263), tn tine 7 ofthe fist 
full paragraph of column 3, “20 1020 mg” should be “10 0 20 19." 


TECHNICAL COMMENT ABSTRACTS 


Comment on “Rapid Advance of Spring Arrival Dates in Long-Distance 
Migratory Birds” 

Christiaan Both 

Jonzén et al. (Reports, 30 June 2006, p. 1959) proposed that the rapid advance of spring migration dates of long- 
Gtance migrants Broughout Etope reflects ah eviutonary reponse to chnate change However, mest gas 
should pot abvance tel gation be because the phenology of Be breeding grounds has not Changed. Ris more 
bey tat migration speed nas changed in espense improved enronmetal crcumsances. 

Falta at wmnscentemag ry epKoten 1558125960 


Response To Comment on “Rapid Advance of Spring Arrival Dates in Long- 


Distance Migratory Birds” 

Niclas Jonzén, Andreas Lindén, Torbjorn Ergon, Endre Knudsen, Jon Olav Vik, Diego Rubolini, 
Dario Piacentini, Christian Brinch, Fernando Spina, Lennart Karlsson, Martin Stervander, Arne 
‘Andersson, Jonas Waldenstrm, Aleksi Lehikoinen, Erik Edvardsen, Rune Solvang, Nils Chr. 
Stenseth 

Both’s comment questions our suggestion that the advanced spring arrival time of long-distance migratory birds it 
Scandinavia and the Mediterranean may reflect a cmate-drvenevautionary change. We present addtional arguments 
to support our hypothesis but underscore the importance of additional studies involving direct test of evolutionary 
change 

Fall ext at wom sciencemag.orgfeglcontenttull3 155812598 


impression is that the earliest Austral 
technologies are far too simple, generalized, 
and “expedient” (as they seem to accept) to 
support any specific technological links with ence to the apparent similarities between the 
other technologically simple and expedient forms of the early Australian “horse-hoof™ 
technologies, such as those from Flores and cores and simple forms of single-platform 
other earlier Pleistocene sites in southeast blade cores (my Report). And I am totally 
Asia (my Report). lam not aware ofany con- unconvinced by the arguments for purely 
vineing Levallois or other “Mode 3" (Middle _ local origins of Upper Palaeolithie/Mode 4 
Palaeolithic) technologies in Australia and technologies in northeast and Central 
see no reason why the Australian tech- Asia [my Report: (6)]. To employ these 
nologies should not be viewed as heavily data to support some form of multiregional, 
simplified or “devolved” forms of Upper as opposed to African, origins for modern 
Palaeolithic (“Mode 4") technologies, under Australian populations would seem to be 
poorly founded in either the genetic or arch- 
acological data 


the influence of varying raw material effects 
and other purely local economic adaptations 
(my Report). I note that they make no ref 


PAUL MELLARS 


Department of Archaeology, Cambridge University, 
(Cambridge C82 302, UK. 


Letters to the Editor 
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Developing a Different Perspective 


on Disease 


Linda Adair 


or many decades, efforts to prevent 
Fieecase nosed aie 

aspects of adult life-style that contribute 
to nutritional excesses—too much energy 
intake relative to too little energy expenditure 
Paradoxically, a rapidly growing body of e 
dence from animal experiments and human 


epidemiologic research suggests that chronic 
ses have early life origins related to inad~ 


te nutrition, These findings emphasize the 


equ 
need for a life course perspective on di 
With prevention beginning prior to conception. 

Over the past two decades, a new field of 
ich into adult health and disease has 


rest 


emerged that focuses « 
opment . The ba 
inquiry is that very early events in life. 


carly life and devel- 
je premise of such 
in 

particular, exposure to environments chanie~ 


terized by nutritional insufficieney—induce 
structural and metabolic changes that enhance 
survival in resource-poor conditions. When, 
however, previously undernourished individu 
als subsequently experience nutritional suff 
ciency or excess, their adaptive characteristics 
become a liability and increase their risks of 
acquiring numerous chronic diseases. 

The growth of research on ea 
adult disease was stimulated in the kate 1990s by 
David Barker's observations that coronary heart 
disease death rates in Hertfordshire, United 
Kingdom, were inversely related to birth 
ight. This work was followed by a large num 
ber of papers showin 
birth weight (which was taken as a measure of 
the quality ofthe fetal environment) with 
adult disease outcomes and by experimental 


ly origins of 


studies in animals to identify the mechanisms 
through which prenatal nutrition might influ 
ence adult hypertension, diabetes, and other 
chronic diseases. Although the animal evidence 
was compelling, the idea of “fetal pr 
in humans was initially met with skepti- 
ism. Today, owing to the accumulation of a 
lange body of experimental and epidemiokogic 
evidence from around the world, the idea has 
gained wider acceptance. Moreover. the field 
has broadened well beyond its initial foeus on 
birth weight and the fetal environment to con- 
sider the entire developmental sequence from 


The reviewer isin the Department of Nutrition, School of 
Public Health University of North Caotina, Chapel Hl, NC 
27599, USA. Email: linda_adair@unc.edu 
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conception to adulthood as a 
‘means to understand disease 
etiology. The World Health Orga- 
nization (WHO), reo 
the importance of early environ 
-ments, now advocates the addop- 
tion of a life course perspective 
on chronic dis 
Arriving 


Developm 
f Healt 


Mark Hanso 


Peter Gluckman and Mark 


Hanson's Developmental Origins of Health 
and Disease makes a timely and important 
contribution, The edited volume off 
excellent integration of theory, evidence, 
implications. Nicely encompassing the rang 
of research in the field, it compiles work by 


Alife course perspective. 


more than marily from Europe, 
Australia, and New Zealand. Gluckman (an 
endocrinologist and perinatal biologist at the 
Liggins Institute, University of Auckland) and 
Hanson (at the University of Southampton 
Medical School) are eminently qualified to 
compile this synthesis of the field. 

In addition to an introductory overview: 
the editors provide a conceptual basis for the 
developmental origins approach that is 
strongly grounded in evolutionary theory. 
¥y argue that organisms are capable of 
“predictive adaptive resy the ability 10 
use information about the current environ- 
‘ment to develop strategies to enhance not only 
immediate survival but also long-term sur- 
vival under similar conditions in the future. 
According to their perspective, when there isa 
mismatch between the early and later environ- 


and Dis 


Peter Gluckman and 


‘ment—as happens when previously malnour- 
ished individuals encounter fast food and 
spend too many sedentary hours in front of the 


television—formerly_ suc 


sssful_ strat 


‘may be ill suited to the new challenges and 
s. The contributors 

i chapters. 

ral portion 
of 


thus lead to patholog 
carry this theme through subsequi 
The book’ c 
offers in-depth cover 
the evidence for the devel 


tal Origins 


as mental origins hypothesis and 


the proposed underlyin, 
nisms, The book 
aling “one disease per 
chapter” format and instead 
presentsan integrated, systems~ 
oriented view of the physi- 


Eas. 


ology and mechanisms. Col- 
Aectively, the contributorsexphain 
how things work, what can go wrong, and why 
itmatters. They cover diverse topics including 


carly influences on gene expression, the role 
of mitochondria, and the effects of various 
hormone systems, Some chapters integrate 
information from the experimental animal 
and human epidemiologic lite 
tures, whereas others focus prima- 
rily on human studies. The eardio- 
vascular and related systems, 


which are the best studied in the 
context of developmental ori 
ins, receive extensive coverage, 
The authors also apply the ap- 
proach to chronie diseases such 
as those that affect the musculo- 
skeletal and respiratory systems, 
the brain, and aging. 

The developmental origins per 
spective emphasizes the ongoing 


interaction of the organism with 
siressors in the environment across 
the entire life eycle. Nutritional 
insufficiency is thought to have the greatest 
import, and it is well covered. The volume 
also does an admirable job of considering 
other stressors with jong-term effects, 
including hypoxia and exposure to environ- 
mental toxins 

The book's last section explores the impli 
cations of the developmental origins approach 
for primary prevention, public health, and, in 
particular, health in developing countries. 
People are most likely to encounter a mis- 
match between early and later environments 


insettings characterized by the transition from 
marginal nutrition to chronic positive energy 
balance. For example, because of changes in 
food production and mechanization, older 
children and adults born when fetal and infant 
owsth restriction were common are now con- 


suming more calories and expending less 


wwwisciencemag.org 


; 
i 
i 
: 
H 
: 
i 
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‘energy in work and leisure time physical activ= 
ity, which contributes to the rise of obesity 
as a worldwide public health problem. The 
potential implications ofthis mismatch can be 
best appreciated by considerit 


in chronic diseases. According to WHO pro- 


jections, cardiovascular disease iseme 


the top cause of mortality in developing coun- 
tries and by 2020 will account for one-third of 
all deaths. More than 228 million will suffer 
from diabetes, with India having more diabet- 


ies than any other country, By emphasizing 
the role of developmental processes and the 
‘nutritional history of populations, the devel- 


ANTHROPOLOGY 


‘opmental origins perspective promises valu- 
able insights imo the causes and conse- 
quences of these new health challenges. It 


will complement the conventional focus on 
the roles of genetic susceptibility and modifi- 
able adult behaviors. 

Researchers will find Developmental 
Origins of Health and Disease to be a well- 
referenced resource that documents the state 


‘of the art in the field and serves asa source of 
new ideas, Students of human and develop- 
mental biology and health practitioners 
should also keep the volume in close reach, It 
1es readers to consider new paradigms 


Otherness—When Killing Is Easy 


tched, but 


may sound fi 
increasingly archaeological 


Conflict offers essays on our 


Equation mbattled species collected from 


scholars. 


Alan 
ist 


According 
Dug 
at the University of Louisville) 


by Lee Alan Dugatkin 


and anthropological evide 
and the work of a sn 
coterie of theoreticia 


all 
5 indi- 
cate that Paleolithic people 


clustered together using com- 


mon languagesand culture to 
develop norms that protected 
equality, liberty, and frater: 
nity and thus forged cooper 

tive groups that behaved 
altruistically, Such bonds al- 


Fabian, Eds. 


lowed the group to prese 
United front to less-fortunate 
neighbors, thereby providin 
backup for dispatching rivals 


in combat with little risk to 
selfand probably with considerable benefit in 
r grabbed. These themes are 
explored in contrasting approaches in two 
exhilarating books: The Altruism Equation 
explores altruism through the eyes of half'a 
dozen thinkers of the past two centuries, and 


Martin Jones and A.C: 


the grail is rx b> c, Hamilton's 
rule for altruism by kin selection, 
ies that altruis 


This equation s 


occur between individuals if 
their g 
uiltiplied by the value of the 
benefit (b) bestowed by an altru 


netic relatedness (r), 


istic act, exceeds the cost (c) 
of undertaking that action 
the larger ris, the more likely 
altruism will evolve. Among the 


nass of evidence that substa 


ies a genetic basis for a 
deep in the book we find that 
for the plains spadefoot toad 
(Spea bombifrons) relatedness 


is literally a matter of taste: ca 


nivorous 
morphs spit out their nearest and dearest but 
eat those least related, 

The Altruism Equation is an © 
book with devoted enthusiasm for the ideas of 
the main protagonist, William Hamilton. On 


for disease prevention that r 


netic influences as well as genetics and take 
into account the complex interplay amon; 


genes, environment, and developmental his- 
tory. The volume inspired me to think difler- 
ently and to develop a new set of research 
questions to answer with my cohort data from 
a developing country, and I hope that others 


will be similarly affected. 


Reference 
2. Life Couse Perspectives on Coronary Heat Disease 
(Wor Health Orgaization, Geneva, 2002), 


10.1126 xience.1134320 


the way there are irritations, not least the 
author unfairly 
into economic modelin 


moaning the lack of insight 
by all of Hamilton's 
Charles. Darwin, 
rer Clyde Allee. He 
also tours through the mathematical lapses of 
Ronald Fisher, J. B.S. Hald 
Wright, similarly wondering why they 
were not so able, Despite all this mischief, 


predecessors, 


Thomas Huxley, and W 


ie. and Sewall 


Dugatkin’s enthusiasm rises well beyond the 


tions, and his account offers much to 
think about 

Through his portrayal of George Prive 
Dugatkin raises an important link in consider 
ing the evolution of altruism and conflict 


Price, a close friend of Hamilton, turned 


Hamilton's rule on its head and developed an 
explanation for the evolution of spite (which 
‘occurs when individuals ing 


fous are on av 


age lessclosely related than individuals within 
the population) by using a new mathematical 
tool, covariance. He found that even ifaspite- 
ful act diminished the fitness ofthe perpetra 


tor, it would decrease the fitness of the victim 
(and rival) even mor 


Price, an occasional 


reporter for Science, went on to elaborate the 


use of game theory in behavioral sciences 
while living in squalor, constantly giving his 
belongings away. He underwent a personal 
paradigm shift from atheism to profound reli- 
gious belief, adopted extreme altruism, and 
died in poverty by his own hand 


Pi 
George Price, and John Burdon Sanderson Haldane. 
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None of the essays in the volume edited 
by Martin Jones (Department of Archae~ 
ology, University of Cambridge) and Andrew 
Fabian (Institute of Astronomy, University of 
ze) can dispel the conclusion that 
conflict lies at the heart of human behav- 
ior. It seems depressing that natural selec 
tion has taken us this way and that, 
although we don’t need much relatednessto 
each other to prompt us to behave well, 
slight difference provokes rivalry that ean 
end in a fight to the death, 

Richard Wrangham’s contribution ex- 
plores the parallels ofthe lethal desire to pick 
off unrelated male rivals in our nearest rela- 
chimpanzees (Pun troglodytes). Like 
human beings, chimps often kill one another: 
usually by a gang beating up ry male 
foraging near a territorial boundary. In con- 
trast, battles between groups are not usually to 
the death; they are mostly show and bravado, 
By murdering individuals, the potential of 
harm in future battles is reduced because of 
the attrition of males from the neighboring 
group. But the gains don’t end with damage 
limitation: the ideal is to eliminate all the 
imales in the rival group. The former group's 
raging territory and females will then bet 
fit the prevailing group. Wrangham makes an 
interesting contrast with bonobos (Pun panis- 
cus), who apparently five peacefully together 
because of ecological differences that allow 


soli 


BROWSING 


Born of Fire: The Valley of Work. 


Industrial Scenes of Southwestern Pennsylvania. Barbara L. Jones, 
with Edward K, Muller and Joel A. Tarr. Westmoreland Museum 
of American Art, Greensburg, PA, 2006, 160 pp. $37.50. ISBN 


9780822943259. 


By the early 1900s, the Pittsburgh region was the steet-making 
capital of the world. Its valleys were lined with iron foundries, steel 
mills, coke works, and ral yards; ts rivers crowded with barges and 
bridges; its skies marked with billowing smokes by day and “pillars 
of fire” by night. Resident and visiting artists were struck by the 
drama and beauty of the industrial facilities and landscapes, which 
they portrayed in oils, watercolors (right, Cynthia Cooley's Furnace 
Door, 1999), drawings, and photographs. They also recorded the 
laborers’ arduous living conditions and industry's devastating 
impact on the environment. In this catalog, prepared for a 2006 
exhibit of the Westmoreland Museum's Scenes of Industry collec: 
tion, Jones discusses the images and the artists who created them. 
‘Muller and Tarr offer an informative sketch of the rise and decline 
of southwestern Pennsylvania's coal and steel industries. Sixty 
works from the collection are on display at the Rhineland Industrial 
‘Museum in Oberhausen, Germany, 4 February to 1 May 2007, and 


will travel through 2010. 


them to forage in continuous close contact, 
thus avoiding being picked off by their rivals, 

Among human beings, itis no surprise that 
lethal conflict predominates among men. 
Simon Baron-Cohen discusses sex differ- 
ences in the brain and what he recognizes as 
the extreme male mind. He hypothesizes that 
men tend to fact-based systemizing whereas 
the female mind tends to make intuitive leaps 
and to have w 
tic abilities ly 
theme of the book, he doesn't elaborate much 
on how this extreme mind fitsmen for conflict 
nor on the roots of male-female conflict. Later 
inthe volume, the paradox of seeing women in 
‘combat is one of the themes explored by Ka 
Adie, a former BBC war correspondent. But 
she concentrates on describing the difficulties 
of observing and reporting on war, because 
these handicaps must be overcome if media 
coverage is to increase our understanding of 
conflict and its consequences. 

Several other essaysin the Darwin College 
Lectures volume bridge many of the anthro- 
pological consequen- 
ces of the natural 
selection of conflict: 
for example, Barry 
Cunliffe considers the 
evolution of state- 
sponsored war over 
the centuries and 


David Haig discusses the torment of deci- 
sion-making. Of particular currency is a 
fascinating account of the conflict in the 
1. Lisa Anderson points out that 
the antiquity of conflict in the 
asualties have actually been small 
compared with many other war zones, Why 
do we get so anxious about it? Perhaps, she 
contends, because the general region is the 


nexus of several modern civilizations and 
persistent conflict there is perceived to be 
particularly undermining and threatening 
Exploring the influence of national bound- 
aries, elective identities, and single and 
divided loyalties, Anderson concludes that 
the turmoil in the region arises within “soci- 
eties and traditions that are struggling to 
define meaning and membership.” 

Despite the stark conclusions emerging 
from both books, an enduring belief in a 
benign future for humankind paradoxically 
[prompts most of the subjects and the contrib- 
utors to end on an optimistic note, 

CAROLINE ASH 
0126/cence.1138815 
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The ISSCR Guidelines for Human 
Embryonic Stem Cell Research 


George O. Daley, Lars Ahrlund-Richter? Jonathan M. Auerbach, Nissim Benvenisty’ R. Alta 
Charo.’ Grace Chen,* Hong-kui Deng,’ Lawrence S. Goldstein’ Kathy L Hudson Insoo Hyun,” 
‘Sung Chull Junn,"" Jane Love,” Eng Hin Lee,** Anne McLaren," Christine L Mummery," Norio 


Nakatsuji, 


‘Catherine Racowsky,”” Heather Rooke,'"* Janet Rossant,"* Hans R. Schélec™ Jan 


Helge Solbakk.” Patrick Taylor,’ Alan 0. Trounson,” Irving L Weissman,* tan Wilmut* John Yu?* 


Laurie Zoloth?® 


‘uman embryonic stem (ES) cells are 
valuable for biomedicine, but differ- 
ing cultural, political, legal, and reli- 


tious perspectives are potential barriers to 
international collaboration in this fledgling 
field, Recognizing the need for scientists to 
act transparently, o serve the public interest, 
and to preserve public trust, the International 
Society for Stem Cell Research (ISSCR) con- 
vened a task force to formulate guidelines for 
human ES cell research, The ISSCR guide- 
lines were written by scientists, ethicists, and 
legal expen from 14 countries (/), 

The ISSCR guidelines encompass the 
core values put forth by the Committee on 
Guidelines for Human ES Cell Research of the 
US. National Academy of Sciences (US. 
NAS) (2)andthe Regulations of the California 
Institute for Regenerative Medicine (3), and 
acknowledge thoughtful governmental regula- 
tions already in place in several countries, 
particularly that of the Human Fertilisation 
and Embryology Authority of the United 
Kingdom (4). The ISSCR is the principal 
scientific society for stem cell scientists and 
transcends institutional, regional, and national 
political boundarie: 


‘children’s Hospital Boston. "Karolinska. Institutet. 
2GlobalStem, inc. ‘The Hebrew University. "University of 
Wisconsin Law School. “Bid & Bird, Belling, China 
Peking University. "Howard Hughes Medical institute, 
University of California, San Diego School of Medicine. 
Berman Bioethics Institute, Johns Hopkins University 
1WCase Western Reserve University School of Medicine, 
‘institute of Global Management, Seoul, Korea. "Wilmer 
Catler Pickering Hale and Dorr LLP. National University 
‘of Singapore. Cambridge Unversity. University of 
Utrecht Medical School. kyoto University. Brigham 
and Women’s Hospital, Harvard Medical School. 
+intemational Society for Stem Cell Research. "University 
‘of Toronto, *Max Planck Institute for Molecular Bio- 
medicine. “University of Oslo and University of Bergen. 
Monash University. Stanford University School of 
Medicine. “Universit of Edinburgh. SGenomics Research 
Center, Academia Sinica, Taiwan. Feinberg School 
‘of Medicine, Northwestern University, [For complete 
addresses, see SOM] 


‘Author for correspondence. E-mail: george daley@ 
dildeers. harvard eds 


The ISSCR guidelines focus on research 
Pertinent to derivation and use of pluripotent 
human stem cell lines and are not meant to 
encompass somatic (adult) stem cell research 
‘or human embryo or fetal tissue research, The 
ISSCR guidelines aim to facilitate interna- 
tional collaboration by encouraging investiga- 
tors and institutions to adhere to a uniform set 
of practices. The ISSCR guidelines are sub- 
servient to all applicable laws and regulations 
of the country or region where the actual 
research takes place. 


‘Major Principles 

Call for oversight. Biomedical research is 
already subject to regulation and oversight. 
However, because human ES cell research 
raises unique and sensitive issues and requires 
specialized expertise to judge both scientific 
merit and ethical propriety, the ISSCR guide- 
lines call fora specialized oversight process to 
complement existing institutional review 


The International Society for Stem Celt 
Research describes major principles that 
should guide ethical stem cell research. 


boards. Incontrast tothe USS, NAS guidelines, 
which stipulated that institutions engaged in 
human ES cell research should form an 
ES cell research oversight (ESCRO) com- 
mittee, the ISSCR guidelines do not specify 
the precise form of stem cell research over- 
sight (SCRO). The ISSCR guidelines specify 
the key elements of a single rigorous review 
at the institutional, regional, national, orinter= 
national level, thereby eliminating. red 
dancy and allowing flexibility for varied 
‘oversight mechanisms in different countries, 

Permissible and impermissible research. 
The ISSCR guidelines prohibit (i) all experi- 
‘ments that lack a compelling scientific ratio- 
nale or raise strong shared ethical concerns, 
in particular human reproductive cloning; (ii) 
in vitro culture of human embryos beyond 14 
days or the formation of the primitive embry- 
‘onic streak: and (iii the interbreeding of ani- 
mals likely to harbor human gametes, 

The “14-day limit.” first articulated in 
1984 by the Warnock committee of the 
U, K, Human Fertilisation and Embryology 
Authority (5), is widely accepted by re- 
searchers in the human stem cell and fertility 
ids. It recognizes the significant biological 
distinctions between the earliest human embryos, 


stem cell colony, on a background of mouse embryonic fibroblast feeder cells, stained with Wright-Giemsa to 
highlight the individual cell ofthe colony. 
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which have not yet established even the most 
rudimentary rostral and caudal orientation 
(the primitive streak), and an embryo that has 
begun to initiate organogenesis. The US. NAS 
guidelines prohibit the mixing of cells of 
any nature with the pre-streak embryo. This 
restriction excludes a number of experiments 
considered standard in animal embryology, 
including cell aggregation studies to investi- 
gate the segregation of primitive embryonic 
blastomeres into inner cell mass and trophec- 
toderm, Such experiments might yield in- 

ights into the origins of stem cells ang! might 
enhance the efficiency of ES cell derivation. 
The ISSCR Task Force reasoned that experi- 
ments with sound scientific rationale that 
respect the 14-day limit are permissible if they 
pass a thorough SCRO review. 

The ISSCR guidelines diverge subtly from 
1S, NAS guidelines in restrictions placed 
‘on breeding of animals that might carry 
‘human gametes, Such experiments might be 
justified to investigate the consequences of 
tissue repair oF regeneration on reproductive 
behavior or finetion, and they could be done 
with safeguards to prevent any inadvertent 
lization events (c.g. sterilization). The 
ISSCR guidelines place the onus on the 
SCRO process to evaluate permissibility of 
‘ny particular experiment. 

Experiments that are permissible only 
after SCRO review and approval include deri- 
Vation of new lines of ereation of animal 
chimeras, especially experiments likely to 
result in extensive chimerism of the brain oF 
germ line, The ISSCR guidelines provide a 
‘means for excluding in vitro experiments with 
existing human ES cell lines from review, as 
appropriate, and exclude from SCRO rev 
routine procedures that raise no appreciable 
‘moral concerns, such as assays of teratoma 
formation from human ES cell fines. Under 
the U.S, NAS guidelines, the teratoma assay 
“RO committee review because 
tion of a chimeric animal. 
We anticipate that other procedures: may 
become exempt from SCRO review as the 
field evolves. 

Requirement for explicit consent. For use 
of somatic cell nuclei in nuclear transfer 
experiments, the ISSCR guidelines call for 
obtaining contemporaneous and 
‘sent from all somatic cell donors. Such a rigid 
requirement reinforces a position stated by the 
US, NAS guidelines to protect individuals 
‘who might not want their tissues unwittingly 
used in human ES cell research. For the re- 
search use of embryos generated with donated 
gametes, the ISSCR guidelines reaffirm the 
need for explicit consent trom both gamete 
donors. In the future, informed consent for all 


gamete donors should include the possible use 
of donated materials and their derivatives in 
‘human stem cell research, 

Financial considerations. In some nations, 
like the United States, women who provide 
their eggs to infertile couples are routinely 
compensated—that is, provided money 
in addition to reimbursement of direct ex- 
penses—in a range that varies widely but is 
typically from $2500 to $3000 (6). Some 
believe that high payments may unduly induce 
‘women to ignore the risks of hormonal stimu- 
lation and surgical egg retrieval and thus may 
undermine the voluntary nature of women’s 
choices to provide their eggs to infertile cou- 
piles. Task force members had varied opinions 
‘on what financial accommodations should be 
allowed for donation of oocytes for research 
purposes. Some felt that altruism should be 
the only permissible motivation for research 
donation: others felt that asking women to 
bear the significant burden of ime, effort, dis- 
comfort, and risk of donation without com 
pensation was itself unfair and exploitative. 

There was consensus for providing reim- 
bursement of direct expenses incurred during 
the process of providing oocytes. although 
there was concer that even this financial con- 
sideration might invite abuse. The Task Force 
noted that healthy research volunteers who 
undergo invasive research procedures like 
bone marrow biopsy or colonoscopy are 
sometimes compensated, but could not reach 
consensus on the permissibility of even a 
modest honorarium for providing oocytes, 
‘The Task Force concluded that research and 
ethical review committees are experienced in 
evaluating financial considerations and that 
substantial literature documents their ability 
to distinguish undue ind 
‘ments that appropriately 
of the subject (7-10). Thus, the Task 
reed to allow the SCRO process 
to determine the financial considerations 
involved in egg procurement, guided by the 
principle that “there must be a detailed and 
rigorous review to ensure that reimburse- 
‘ment of direct expenses or financial consid- 
erations of any kind do not constitute an 
undue inducement.” 
incouraging compliance. To encourage 
adoption of the ISSCR guidelines by the 
research community, and asa mechanism of 
enforcement, the guidelines call for journal 
editors and granting agencies, asa stipulation 
for publication or funding. to require investi- 
gators to attest to compliance with the ISSCR 
guidelines or an equivalent set of regulations. 
To set the guidelines into practice, sample 
informed-consent documents for the procure- 
‘ment of human research materials were cre- 


sted and subjected to extensive peer review by 
aan external international group of ethicists, 
research policy experts. and leaders of institu- 
tional review boards and ES cell research 
oversight committees. These document 
compass the principles articulated in the 
ISSCR guidelines and are available trom the 
ISSCR Web site (//), The ISSCR hopes to 
establish a database of human ES cell lines 
that have been derived in accordance with the 
ISSCR guidelines, 

Finally, the ISSCR guidelines state that 
researchers engaging in human ES cell 
search must make their materials realy acces- 
sible to the biomedical research community. 
‘The guidelines thus include recommendations 
forthe derivation, banking, storage, and distri- 
bution of research materials, and providea 
‘simple Material Transfer Agreement to facli- 
tate exchange of research materials (//). 


The Future 

The ISSCR leadership is committed to ongo- 
ing review and revision of the guidelines, and 
appreciates that new research in science, 
ethics, law, and policy will challenge us with 
new questions. We are hopeful that the many 
communities affected by and attentive to stem 
cell research will consider these guidelines a 
call for their robust participation in the 
cide the direction of research, 
;CR seeks the support of its membe: 
ship. members of other sciemtific societies, 
‘our institutions, and the public to promote 
SCR guidelines globally. 
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CELL SIGNALING 


B-Arrestin, a Two-fisted Terminator 


Eileen F. Grady 
a cell detects a signal 

O serious ors acta 

simulates growth—it_ must 
that information to its interior so 
that it can respond appropriately. 
This scenario often involves a 
receptor at the I's surf 
poised to transmit the signal 
through a circuit of intracellular mole~ 
cules, Just as important as its activa- 
tion, a signali hwvay also needs 
to be shut down, or the cell risks an 
undesirable response— perhaps uncon- 
trolled proliferation or even cell death, 
‘The molecule farrestin has long been 
Known to block continued receptor 
signaling by associating with activat- 
ced receptors, a phenomenon demon- 
strated most fully with G protein: 
coupled receptors (I 2). B-Arrestin 
also acts as a scaffold, upon which 
other signaling molecules assemble to 
participate in downstream signaling 
{events (3). On page 663 of this issue, 
Nelson er al, (4) expand the capabill 
ties of B-arrestin. It not only directly 
terminates receptor activation, it also 
simultaneously facilitates the degrada 
tion of the immediate signaling moh 
cule produced by an activated receptor. 
These findings are exciting because 
B-arrestin has this dual effet for 
a completely different receptor and 
intracellular signaling motecute (5). 
these coordinated functions: 
may bea common theme 
among G protein-coupled receptors, the langest 
family of cell surface signaling receptors. 

In the case of the MI muscarinic receptor, 
the G protein-coupled receptor examined by 
Nelson er al., Prarrestin recruits diacyllye- 
rol kinase from the cytosol to the activated 
receptor. The enzyme degrades diacylglye 
ero}. the signaling molecule or “second mes- 
senger,” that is generated in response to MI 
muscarinic receptor activation (sce the fig 
ure), Through degradation of diacylglycerol. 
B-arrestin negatively regul kinases 
Cand D. In a twist tothis signaling shutdown, 
Brarrestin simultaneously initiates other 


Agonist 
binding 


The author is atthe UCSF Center forthe Newobiology of 
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Brarvestin escorts enzymes to activated 
receptors, catalyzing the demise of signals 
that are generated. This may be a common 
theme among G protein-coupled receptors. 


tion of endogenous MI muscarinic 
receptors with carbachol, or stimulation 
of protein kinase C with phorbol ester, 
did not increase the association of dia- 
eylglycerol kinase © with B-arrestin. 


Fgonist the two proteins is maximal under basil 
‘ + 2899 conditions, and therefore constitutive. 
fe, pa Second messenger xp If so, the availability of diacylglycerol 
Cnc 2° “prediction .-) Kinases may dependion the mvailable 
¥, aa cytosolic Bearrestin pool. And if this is 
the case, activation of heterologous 
receptors may alter the ability ofa cell 
to degrade a signal generated by a see= 
cm, Receptor ok ond receptor, 
phosphorylation Perry eral, (5) showed that earestin 
causes degradation ofa second messen- 
Ms * ger (CAMP) generated by activated 
B,-adrenengic receptors by recruiting 
recruitment 
bre ‘activated receptor (sce the figure). There- 
| fore, a common theme among C 
Receptor inactination tein-coupled receptors might be 
potpcw fB-arrestin both desensitizes a receptor 
degradation, it from further activating 
DAG ~ a heterotrimeric G protein (this conse- 
mesa {quently deereases second messenger 


‘Signal arrest. The activation of two different G protein-coupled recep- 
tors by agonists generates second messenger signaling molecules. The 
receptors are desensitized by phosphorylation by G protein-coupled 
receptor kinase (GRK) and subsequent binding of B-arrestin B-Arrestin 
also simultaneously recruits ditferent enzymes {diacylglycerol kinase 
(OGK); phosphodiesterase 4 (PDE4)] to degrade second messengers, 
further terminating signaling. Phosphatidic acid (PA) can act as another 
second messenger. 


naling events, because diacylglycerol deg 
ation generates phosphatidic acid, a second 
messenger involved in events such as vesicle 
Ficking and kinase activation, 

Nelson et al. show that under basal con- 
ditions, any of seven diacylglycerol kinases 
(a, B.%.8.€, ¢, and 1) can directly associate 
with B-arrestin (type 1 or 2) when the mole- 
cules are overexpressed in cultured mam- 
‘malian cells. The ability of all of these diacyl 
ol kinases to interact with B-arrestin 
increases the likelihood of a general mec! 
nism for regulating the MI muscarinic recep- 
tor signaling pathway. The authors detected 
cylelycerol ki in a complex with 


tra 


production), and degrades second mes- 
senger molecules by recruiting appro- 
priate enzymes (se the figure) The phos 
phodiesterase, diacylglycerol kinase, 
and the receptors by which they affect 
signaling have very disparate structures, 
making this dual role of B-arrestin, 
and its ability to regulate dissimilar 
receptors, even more remarkable, 

How can Bearrestin interact with all these 
proteins? A structural analysis of the binding 
sites of -arrestin is long overdue; however, 
some information has been gleaned from 
stu ‘on clathrin (6, 7). Clathrin binds 
B-arrestin with high affinity only when 
B-arrestin is dephosphorylated, a modifica 
tion that occurs upon binding to the receptor. 
The receptor-Brarrestin interaction induces 
‘a conformational change in B-arrestin tha 
exposes a C-terminal binding site for clathrin 
(2.8), Association with clathrin triggers endo- 
eytosis of the receptor, another means by 
which f-arrestin can shut down signaling, 

Pethaps phosphorylation of cytosolic B- 
arrestin enables interaction with other nonre- 
ceptor partners such as diacylglycerol kinase. 


Nelson er al. used deletion and truncation 
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‘mutants to determine that Brarrestin binds to a 
highly conserved cysteine-rich domain present 
inall diacylglycerol kinases, thus accounting 
forts interaction withall the enzyme isoforms. 
The authors also determined that diacyllye- 
Chinds toa site in the C terminus of 
B-arrestin that is different from the one that 
bindsto clathrin, What about other proteins that 
bind f-arrestin, including the small GTP-bind- 
ing protein Rho and components of the MAP 
kinase signaling cascade, among others (2)? 
Only some of these binding sites have been 
‘mapped, and most appear distinct. Are arrestin 
dimers also required to enable receptor signl- 
ing regulation? 

Nelson ef al. also found that carba- 
chol-stimulated phosphatidic acid production 
increased when Brarrestin was overexpressed 
incells, whereas production decreased in cells 
depleted of B-arrestin—so low that a major 
role for B-arrestin in regulating phosphatidic 
acid production due to receptor activation is 
indisputable, In a related report, diacylglye 
erol kinase was isolated and localized with 
phosphatidylinositol 4-phosphate S-kinase, 
aan enzyme that is activated by phosphatidic 
acid and generates phosphatidylinositol 4.5~ 
bisphosphate. Phosphatidylinositol 4.5-bis- 


phosphate is the precursor for the second 
messenger diacylglycerol (9). It is unknown 
whether B-arrestin regulates the activity of 
phosphatidylinositol 4-phosphate 5-kinase 
directly of only through formation of phos- 
phatidie acid, 

The binding of B-arrestin to diacylglycerol 
kinases versus G protein-coupled receptors 
was discriminated by using a form of B- 
arrestin 2 lacking the N terminus, a region 
that his required for interaction with re- 
ceptorsowever, this form could still bind to dia- 
eylalycerol kinases and acted as a dominant 
negative B-arrestin, causing retention of diacy 
glycerol kinase ¢ in the eytasol. It also blow 
phosphatidic acid production by the dia- 
cylglycerol kinase-B-arrestin pathway (rather 
than by phospholipase D). Because diacylgly 
erol is a second messenger for many dive 
receptors, as well as a regulator of transient 
receptor potential channel activity, this role of 
Bearrestin may have widespread physiological 
consequences (0. 

The findings by Nelson et al. are pro- 
Vocative because of the questions they raise: 
How much B-arrestin is required for a cell 
to regulate signaling normally? Is this dif- 
ferent for distinct cells with discrete meta- 


bolic activity or modes of signaling? It is 
assumed that B-arrestin is present in all ani~ 
mal tissues and cells, but studies of arrestin 
localization are few. What other receptors 
types (//, 12) are regulated in a similar man- 
ner? If Bearrestin similarly regulates signal- 
ing for other receptors, what other enzymes, 
are recruited by B-arrestin? A whole new 
«group of enzymes participating in signal ter- 
mination may become the newest nonrecep- 
tor partner for B-arrestins (2, 7), 
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ECOLOGY 


Tackling Ecological Complexity 
in Climate Impact Research 


Gian-Reto Walther 


vidence for the ecological impact of 
Ee climate warming has become 

nereasingly compelling. For example, 
plants and animals adapt the timing of their 
life cycles or shift their ranges toward higher 
latitudes and/or altitudes in response to 
warmer climatic conditions (/). However, as 
the study by Suttle ev al. (2) on page 640 of 
this issue shows, the observed responses of 
individual plant and animal species are just 
the starting point of a cascade of interweaved 
responses and feedback proce 
field experiment, Suttle er al. imposed differ- 
ent projected precipitation regimes over grass- 
land in California to evaluate the effects of 
these treatments on plant productivity and 
species composition of plants, invertebrate 
herbivores, and their natural enemies (2). 


The author is in the Department of Plant Ecology, 
University of Bayreuth, 95440 Bayreuth, Germany. Email: 
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The experiment stands out for several rea- 
sons. First, the 5-year time span of the experi- 
‘ment underlines the importance of experimen- 
tal duration for drawing the right conclusions. 
The lifetime of experimental research rarely 
exceeds 2 to 3 years (3-5) (see the 
zh the manipulated system may need 
longer for the transition from initial disequilib- 
rium to new equilibrium conditions. A field 
‘experiment in Arctic tussock tundra showed 
that focusing on individual species’ responses 
over the short term (3 years) gave poor predic~ 
tions of their long-term (9 years) response (6). 
Carbon dioxide (CO,) enrichment exper 
‘ments in established forest stands revealed that 
the stimulation of above-ground growth of for- 
est trees in the first years was a temporary 
effect and was followed by a time-dependent 
(in this case 4 to 5 years) adjustment of the 
growth regime back ioalmost the same level as 
before CO, enrichment (7). Hence, the 
observed effects of manipulation depend heav- 


Longer time scales and evaluation of temporal 
effects are essential for analysis of ecosystem 
perturbations, 


ily on the time period of data evaluation and 
suggest different interpretations. 

Inthe grassland experiment by Suttle etal, 
the initial strong response of nitrogen-fixing 
forbs (that is, nongrass flowering plants with 
nonwoody stems) in the first few years was 
reversed through feedback processes, and the 
forbs were replaced by annual grasses, with 
consequences for both biodiversity and food 
web structure (2), Again, evaluation of the 
experiments after the first few years would 
have resulted in different trends and mislead- 


ing inferences compared to those revealed in 
the longer run. 
‘A second interesting feature of the Cali 


fornian grassland experiment is how the 
projected precipitation regimes were imple- 
mented. Long-term mean precipitation is a 
usefll indicator of the intensity of the hydro- 
logic eycle, but the temporal and spatial pat- 
terns of the precipitation regime are the most 
important issues in determining impacts of 


2 FEBRUARY 2007 VOL315 SCIENCE www.sciencemag.org 


Number of experiments 


Spatiat scale 


Not to scale. Ecological complexity increases with 
scale, whereas the number of ecological experiments 
shows the opposite trend There i a strong tendency 
{0 ignore possible complicating factors of ecological 
‘complexity operating over a larger scale. This sche- 
matic charts based on (22, 12). 


II de 
pended strongly on the seasonality of the 
increase, Communities experiencing addi- 
tional watering during the wet winter season 
responded similarly to those exposed to ambi- 
‘ent rainfall, whereas watering at the end of the 
rainy season led to substantial and sustained 
changes in the composition of the affected 
‘communities (2). Hence, different temporal 
treatments representing the same trend of 
increases in annual precipitation, but with 
different seasonal patterns, highlighted the 
importance of the timing of rainfall 

‘There isa third reason for interest in these 
results. Although itis generally agreed that 
imate change will affect the temporal and 
ation between species interact- 
ing at different trophic levels, many studies 
concentrate on the effects of a single variable 
‘ona particular species. Thus, there is a strong 
tendency to ignore possible complicating fac- 
tors operating over larger seales and/or multi- 
trophic levels (4, 9). Long-term field data 
from grassland habitats in Germany indicate 
that different trophic levels respond differ- 
ently to climate fluctuations and sugyest that 
differential trophic responses are likely to be a 
common, widespread, and important phe- 
nomenon (/0). The community-level interac- 
tions considered in the experiment by Suttle 
etal. were strongly influenced by persistent 
altered environmental conditions and not a 
consequence of short-term fluctuations of 
the precipitation regime. The initial signal of 
increased plant species richness and greater 
diversity and abundance of invertebrate herbi 
vores, predators, and parasitoids was reversed 
in the course of the experiment as a result of 
the increasing share of annual grasses with 


low nutritional value and monocultures of 
these plants offering low structural complex- 
y. This finally led to a simplification of the 
grassland community as a whole 

Together, these examples warn against 
‘overstating the results of inappropriate exper- 
imental conditions in terms of temporal 
[and also spatial (4, /)] scales (see the fig~ 
ure). Careful interpretation of experimental 
data is thus crucial to avoid overinterpretation 
of early experimental results. In general, time- 
series analysis should be performed over as 
many years as possible. 

The study by Suttle er al. shows how one 
can tackle ecological complexity in manipula- 
tive experiments: The 5-year duration of the 
experiment has revealed reversal trends of ini- 
tial effects: different temporal patterns of 
treatment highlight the importance of the 
timing of rainfall compared to the annual 
amount; and feedback processes. through 
higher trophic levels may overturn direct cli- 
matic effects on the species level and reverse 
‘community trajectories. These aspects make 
this work particularly valuable for ecological 
‘experiments and for global change research in 
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general. Itisa strong reference for the impor- 
tance of field-based long-term monitoring and 
‘experiments for climate impact studies. 
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CELL SIGNALING 


Mitochondrial Longevity Pathways 


Gyérgy Hajnoczky and Jan B. Hock 


A cytosolic protein that translocates into the mitochondria may serve as an integration point for 
signaling pathways that control longevity and cell death, 


he quest for longevity has led to the 
discovery of several genes that affect 

I the life span of organisms ranging 
from yeast to mammals. An increased life 
span has been linked to the expression of sir- 
tuins, impaired function insulin receptor 
homologs, and absence of the signaling pro- 
tein p66%, Several cell signaling pathways 
associated with these factors converge on the 
Forkhead/FOXO family of transcription fac 
tors, which regulate the expression of a bat- 
tery of stress response proteins that affect 
antioxidant capacity, cell eyele arrest, DNA 
repair, and apoptosis (/). Life span-regulating 
proteins also directly affect mitochondrial 
function, including energy metabolism and 
reactive oxygen species production, in which 
p665® plays a critical role. How these mito- 
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chondrial processes integrate with the up- 


stream signaling events to control life span 
has remained enigmatic. On page 659 of this 
issue, Pinton er a. describe a signaling path- 


‘way that controls the mitochondrial activity of 
p66" (2) (sce the figure) and provides insight 
into how this integration might oc 

The extended life span of mice lacking 
66° has been correlated with a decrease in 
mitochondrial metabolism (3) and reactive 
‘oxygen species production (4), Pinton et a, 
show that p66S* is required for early mito- 
chondrial responses to an oxidative challenge 
(hydrogen peroxide, HO,). These responses 
include mitochondrial fragmentation and 
suppression of C2?” signal propagation to the 
mitochondria, followed by execution of 
apoptosis (cell death) in murine fibroblasts. 
‘The authors found that early mitochondrial 
response 10 H,O, increased progressively 
with cell culture age, and used this model 
to map the signaling cascade through which 
p66 affects mitochondria, 
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Reactive oxygen species affect the activity 
of many protein phosphatases and kinases. 
Phosphorylation of p66%™ on Ser canbemedi- 
ated by several protein kinases and i 
indispensable for life-span regulation by 
66S, Pinton et al. show that inhibiting or 
silencing protein kinase C B protects cells 
against H,O, challenge. Furthermore, overex- 
pression of protein kinase C B reproduces the 
‘mitochondrial fragmentation and C 
ing defect in cells expressing 


66S, but not in cells lacking 
p66, Cells expres mutant 
form of po6% (p66™*S36A) that 


cannot be phosphorylated also lack 
the early mitochondrial response to 
protein kinase CB activity, indicat- 
ing a requirement for p66™* phos- 
phorylation. Thus, there is remark~ 
able interdependence between pro- 
tein kinase C B and p66™ in the 
‘mitochondrial response 10 oxidative 
challenges. Although H,0, chal- 
lenge seems to employ only pro- 
tein kinase C to phosphorylate 
665, this step may serve as 
ain integration site for multiple 
protein kinases activated by cell 
surface receptors. 

P66 localizes predominantly in 
the eytoplasm, with a smaller frac- 
tion (10 t0 40%) inthe mitochondrial 
intermembrane space (3, 5). The pro- 
tein lacks a conventional mitochon- 
drial targeting sequence, but its 
association with the mitochondrial 
‘TOM/TIM import complex and the mitochon- 
drial heat shock protein mtFisp70 has been 
reported (5). Pinton etal, put forward the ori 
nal idea that phosphorylation of Ser" induces 
translocation of phosphorylated p66 to the 
mitochondria, They also provide evidence that 
both HO, challenge and protein kinase C B 
activation promote binding of p66" to Pin! 
causing this translocation. Pin} is a peptidy!- 
prolyl isomerase that induces cis-trans iso- 
merization of phosphorylated Ser-Pro bonds. 
This confers phosphorylation-dependent con- 
formational changes in Pint targets. Pin! has 
been studied in the context of the processing of 
phosphorylated proteins in Alzheimer’s disease 
(6). but the present data sugwest that it has 
broader importance. Binding of phosphorylated 
p66 to Pint may expose a hidden sequence 
that targets p665™ to the mitochondria. It is pos~ 
sible that this unconventional targeting mecha- 
nism might enable p66™ to interact with a spe- 
cific subset of a heterogeneous mitochondrial 
population, and provide a means for differential 
regulation of mitochondria by p66S™. 

‘Activation of mitochondrial p66 requires 


its dephosphorylation and dissociation from 
miHisp70, but it remains unclear as to whether 
dephosphorylation by the phosphatase PP2A 
‘occurs before. upon, oF after translocation into 
the organelle. Once in the intermembrane 
space, p66%™ interacts with reduced cyto- 
chrome ¢ to produce H,O,, which can promote 
opening of the mitochondrial permeability 
transition pore. The sensitivity of the suppres- 
sion of mitochondrial Ca? signaling and frag- 


mentation to inhibitors of the permeability 
transition pore shows that these effects of 
p66 are downstream of the pore opening. 
Interestingly, H,O, formation in the mitochon- 
dria is required for pore opening even when 
cellsare exposed to an HO, challenge. Perhaps 
1p66%*-mediated reactive oxygen species gen- 
eration requires favorable environment in the 
intermembrane space to convert HO, to more 
damaging hydroxyl radicals and/or provide 
access to hidden sulhydryl groups that regu- 
Inte the permeability transition pore (7). 

How is permeabilization of the mitochon- 
drial inner membrane associated with onset of 
the aging phenotype? In the model of Pinton 
et al., p66™ supports an apoptotic response 
toa massive oxidative challenge, a classical 
consequence of permeability transition pore 
opening and the ensuing release of cyto- 
chrome c. Apoptosis and removal of seriously 
damaged cells may play a role in both extend- 
ing and shortening the cell's life span. 
Apoptosis involves the entire mitochondrial 
population displaying a coordinated response 
throughout the cell (8). However, pore activa- 


tion confined 102 subpopulation of mitochon- 
dria could help remove impaired mitochon- 
dria by triggering their disposal by autophagy 
and degradation in lysosomes (9). Indeed, 
aging may be associated with impaired auto- 
phagy (/0) and inhibiting autophagy pre- 
vents life-span extension in the nematode 
Caenorhabditis elegans (11). Thus, p66™*- 
dependent mitochondrial fragmentation and 
suppression of Ca* uptake may be relevant to 


‘Signal integration. Phosphorylated p66" may serve as an integration point for many signating pathways that affect 
‘mitochondrial function and longevity. The pathway described by Pinton eta. is marked in red Protein kinase CB (PKC). 


localize and attenuate mitochondria damage 
where reactive oxygen species are produced 
as part of a mitochondrial quality control 
mechanism, Mice lacking p66% apparently 
remain healthy in the laboratory setting (/ 
but their sensitivity to environmental stress 
remains to be established. Thus, p66* may 
protect the organism against stress, but if tar- 
geted destruction of mitochondria by p66S* 
overwhelms the autophagy capacity of the 
cell, this would set the stage for the accumul 
tion of unprocessed oxidative-damaged cell 
constituents. a classical correlate of aging, 
This conclusion suggests that regulating 
autophagy of damaged mitochondria may 
constitute another piece of the aging puzz! 
‘The serine-threonine kinase MTOR is a cri 
cal inhibitor of autophagy (10) and also 
enhances mitochondrial metabolism and rea 
tive oxygen species generation (3). Therefore, 
p66 and mTOR may interact to integrate 
multiple aspects of cell homeostasis that are 
relevant for aging. Sirtuins also may affect 
mitochondrial function beyond the expression 
of FOXO-regulated antioxidant and proapop- 
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totic proteins. Notably, PGC-1e., a transerip- 
tional coactivator that controls mitochondrial 


biogenesis and energy metabolism, is rezu- 
lated by the sirtuin SIRTI, Also, several sirtu- 


ins localize to mitochondria where they affect 
‘al metabolic functions (/3-/5). SIRT 
and other life span-controlling proteins also 
have direct links to the mitochondrial perme- 
abilization and autophagy, perhaps through 
Bel-2 family proteins (/4). 

‘The factors that set the stage for the mito 
chondrial contribution to the aging process 
include inputs from different directions. 
Reactive oxygen species production in mito- 
chondria is regulated by metabolic activity, 
substrate supply, and mitochondrial membrane 


potential. Superimposed on this background, 
mitochondrial import of p66 can provide an 
additional reactive oxygen species~produci 
element to trigger a local permeability trans 
tion pore opening that (together with other 
inputs) controls life span, OF course, this does 
not exclude a role for mitochondrial p66 in 
normal cell management of stress and damage 
repair. In fet, a recent study showed that p66 
is highly expressed in fibroblasts from cente- 
narians (/6). P66 may well keep us fit while 
helping usage. 
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CHEMISTRY 


Watching Atoms Move 


Joo! D. Brock 


has provided detailed information on 
the structure of matter on atomic length 
Seales, The recent advent of high-energy x-ray 
free-electron lasers (XFELs) now provides 
researchers the ability to watch matter move 
‘on both atomic tength and time scales, On 
page 633 of this issue, Fritzer al. (/) report the 
use of ultrashort x-ray pulses from an XFEL 
to measure the dynamics of atomic vibrations 
in bismuth when excited by photons. These 
measurements provide researchers direct tests 
of calculations of highly excited electronic 
states and provide basic insights into out fizn- 
damental understanding of condensed matter. 
Our understanding of the static oF time- 
averaged structure of matter on atomic length 
seales has been dramatically advanced by 
direct structural measurements with x-rays. 
The current technical capability of -ray erys- 
tallography is immense. The cover of Seienve 
regularly displays the structure of biologically 
important macromolecules determined 
through x-ray crystallography, and it is not 
unusual for these structures (e.g, Viruses) t0 
contain millions of atoms. However, the struc- 
ture of matter is not static. Developing our 
understanding of the fundamental behavior of 
matter requires structural measurements on 
the time scales on which matter moves. 
There are several important physical time 
scales of interest, Conformational relaxations 


Fz than a century, x-ray diffraction 
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‘ectron bunches EOS 
ie se 
SLAC 4 
tinear 

accelerator 


Timing is everything. Experimental 
‘configuration for ultrafast x-ray dit- 
fraction. Bunches of electrons from a 


The X-ray free-electron laser has made possible 
a direct test of potential energy surface models 
{or highly excited states of bismuth, 


Bismuth sample 


* 
cade | 


linear accelerator enter an XFEL undulator that generates short xray pulses. These ae used to create diffrac- 
tion patterns ofthe bismuth fi, which is heated by pulses from a laser. Electro-optic sampling (EOS) is used 
to detect the relative postion in time ofthe a-ray and laser pulses so that changes in bismuth lattice vibra- 


tions can be determined precisely. 


in molecular systems and electron-latt 
‘energy transfer in crystalline solids typically 


‘occur in a few picoseconds. Faster still are 


atomic vibrational periods, which are 
cally on the order of 100 femtoseconds. The 
characteristic time scale for electron-electron 
collisions in solids is on the onder of 10 fem- 
toseconds. And, quickest of all, are correl 
tions in the dynamics of interacting electrons, 
Which typically decay in less than | femtosec- 
‘ond, The key feature ofall these time scales is 
that they are all “ultrafast”; that is, a few 
picoseconds or shorter, 

To date. ultrafast science has been the 
domain of femtosecond lasers operating at 
Ultraviolet to infrared (IR) wavelengths, These 
wavelengths are not short enough for struc~ 
tural studies on atomic distances, and they are 
able to probe only those electronic states that 
extend over multiple atoms. However, build- 
ing a suitable “hard” x-ray source (ie,, one 


that emits photons with wavelength in the 
range | to 2 angstroms, oran energy of about 
10 keV) represents a major challenge, 

For the past 35 years, the intense and 
highly collimated hard x-ray beams produced 
by synchrotron sources have been enormously 
successful both for static structural studies 
and for time-resolved studies down to the sub- 
nanosecond range. However. it is very diffi- 
cult tocreate a useful ultrafast x-ray pulse with 
a conventional synchrotron because the eq 
librium nature of an electron storage ring 
limits the electron-bunch length to the 
10-picosecond range. Using state-of-the-art 
accelerator technology to “slice” the electron 
beam, researchers can generate ultrafast x-ray 
pulses (e.g., 200 femtoseconds) (2-4). The 
result is an ultrafast pulse of hard x-rays, but 
the slicing technique uses only a small frac- 
tion of the electrons in the bunch, dramatically 
reducing the flux. Consequently, there is a 
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large worldwide effort to build linear acveler- 
ator (LINAC)-based ultrafast x-ray sources 
such as an XFEL or an et 
LINAC (ERL). 
ccumvent the equilibrium electron-bunch size 
by using a LINAC rather than a stor 

Fritz et al. report femtosecond x-ray 
fraction measurements performed at the 
Sub-Picosecond Photon Source (SPPS) at 
the Stanford Linear Accelerator C 
(SLAC). The SPPS was a prototype 


enter 


L 


Xray stopwatch. The relative temporal position of the electron 
bunches (white) interacts with an electro-optic crystal which, in 
turn, imprints a polarization transient on the laser (red) pulse. m 


built using the 2-mile-long LINAC at SLAC 
‘These data represent the first real experimen- 
tal glimpse into the behavior of materials at 
both atomic length and time scales. In their 
experiment, an ultrafast near-IR laser pulse 
photoexeites charge carriers in a bismuth 
crystal, which in turn excite one of the 
Vibrational modes of the lattice—in this 
case, a coherent optical phonon (see the 
first figure). In essence, the nonequilibrium 
charge distribution abruptly alters the inter- 
atomic potential energy surface, thereby ereat~ 
ing the force that drives the atomic motion. 


The dynamics of the resulting vibrational 
mode are determined by the shape of the 
nonequilibrium potential energy surfac 
Thus, by measuring the dynamics of the lat- 
tice motion, Fritz et al, are able to determine 
the (quasi)-equilibrium position and curv 
ture of the interatomic potential 
From a chemical point of view, having a 
fundamental understanding means understand- 
ing the adiabatic energy surface on which the 
constituent atoms move about during a chem 
cal reaction, This is a very simil 
situation, We are watching the 
atoms move about after abruptly 
changing the potential energy sur- 
face. Thus, this experiment pro- 
vides a clean, quantitative test of 
rent fundamental unde 
standing of the interatomic po- 
tential energy surface of a highly 
excited atom as predicted by de 
sity functional theory 
‘On their way to making these 
asurements, the experimenters 
achieved several very important 
technical advances. The first was building 
and operating the SPPS. The second ad- 
dressed a long-standing issue for pump-probe 
experiments with XFELs. One of the features 
of current XFEL designs is the ge 
intense x-ray pulses by the selfamplified 
spontaneous emission (SASE) process. In 
SASE, density fluctuations in the electron 
bunch are amplified to make the pulse 
Therefore. the pulses of x-rays vary in size 
and there is no exact relation between the 
location of the electron bunch and the phase 
of the LINAC’s radio frequency accelerating 


our e 


field. In this work, the researchers measured 
the arrival time of the x-ray pulse on a shot- 
by-shot basis with an electro-optic technique 
(see the second figure). They then were 
able to use the pulse timing variation to obtain 
the relative delay between the pump laser 
pulse and the probe x-ray pulse, a vital piece 
of information in the experiments, Thus, they 
\were able to turn what many predicted would 
be a major obstacle or challenge into a posi- 
tive feature, 

This clever use of XFEL beams will be 
critical to garnering the immense promise of 
. Chemists would like to 
movies” of reactions as molecules 
approach each other, form the intermediate 
transition states, and then relay into final 
products. Materials scientists would like to 
study the dynamics of events during thin- 
film deposition, Condensed matter physi- 
cists would like to study the lowest-energy 
excitations of unusual systems such 
high-temperature superconductors, heavy 
fermion systems charge- and spin-density 
wave systems (fractional), quantum Hall 
systems, and colossal magnetoresistance 
systems. And, of course, the grandest chal- 
lenge of all is to understand in detail 
the electronic, structural, and chemical 
processes involved in photosynthesis. 
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CHEMISTRY 


Coherence and Symmetry Breaking 
at the Molecular Level 


‘Andrei Sanov 


oherence is the ability of waves to 
( combine their oscillations in a de- 

fined, nonrandom fashion. It is a cor- 
nerstone of 
Water waves join in one lan 
‘ocean surface or when light 
ated in lockstep to forma bright laser beam. In 
quantum mechanics, all particles behave like 


mice, such as when 
well on the 


vave inter! 
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‘waves, and coherence is therefore a universal 
concept determining the findamental proper- 
ties of matter. 

Coherent effects are most obvious when 
the imerfering waves are restricted by symm 
try. For example, electrons in molecules 
are described by coherent combinations of 
orbitals from different atoms. In symmetric 
molecules, the contributions of equivalent 
atoms to the bonding are limited to equal 
amplitudes, resulting in symmetric electron 
density distributions. However, in some cases, 


Contrary to expectation, when an electron 
leaves a symmetric dihydrogen molecule 
before dissociation, the breakup is asymmetric. 
This paradox can be understood by considering 
fundamental properties of interacting waves. 


coherence can undermine symmetry, result- 
ing in asymmetrie spectral line shapes (J) or 
product distributions. To examine how this 
can happen, one may startby asking whether it 
is possible to distinguish two ends of a 
homonuclear diatomic molecule such as H, 
The very premise may appear absurd? It 
sms to violate not only molecular symme- 
try, but also the fundamental indistinguisha- 
bility of identical nuclei, Yet, on page 629 of 
this issue, Martin ef al, report asymmetric 
electron emission from H,, followed by asym- 
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metric dissociation of the remaining 
molecular ion to proton anda hydro- 
gen atom (2). The dissociative ioniza- 
tion thus breaks the inversion symme- 
try both of the H, molecule and of the 
incident linearly polarized light. 

The photoelectron distributions 
that lack inversion symmetry with 
respect to the molecular center of 
mass can be observed only because 
the two ends of the ironized mole- 
culesare ultimately distinguished by 
the different charge states of the final 
fragments, H and H”. Even so, the 
result is counterintuitive, especially 
ifone expects the ionization merely 
to eject an electron from the lowest- 
energy orbital of H,. This orbital 
is symmetrie with respect to inver- 
sion, that is itis said to be of gerade 
(even) parity. Since quantum mech- 
nies requires the electron parity to 
‘change upon the absorption of a sin- 
gle photon, the departing electron 
will be described by an ungerade 
(odd) wave function, corresponding 
toa perfectly symmetric photoelec- 
tron distribution, 

This description is based on two 
‘oversimplifications, First, it assumes 
that the two electrons are completely 
independent from each other, and that 
the emitted and remaining electrons 
thus cannot exchange parity. Second, 
it decouples the ionization and disso~ 
ciation processes by not taking into 
account the excited states of Hy. 
which contribute by way of delayed 
suitoionization, 

As discussed by Martin ef al., electron 
waves of both uigerude (odd) and gerade 
(even) parity are in fact emitted from H, via 
multiple direct and indirect ionization chan- 
nels (2), A combination of odd and even fune- 
isis, in general, neither odd nor even. Thus, 
interference of the gerade and ungerade 
\waves yields an asymmetric photoelectron 
distribution, which generally favors one or the 
other end of the molecule. This implies that 
the two nuclei in the remaining H,- are no 
longer equivalent and the probability of 
change locatization on either one of them may 
differ from 50%. 

To put this a y 
sider the dissociation of a homonuclear 
diatomic ion, either positive or negative. via 
ined parity. As it falls 
or Xy will retain its parity and 
ic charge distribution, X*! 2, 
until the loss of coherence due to external 
perturbations causes the charge to localize 


R 


‘Molecular interferometer. n the ionization of a homonuclear 
diatomic molecule, the photoelectrons are superpositions of 
‘waves emitted from two equivalent atoms (top). When photoion- 
tzation is used as a probe of dissociation, the atoms separate at 3 
speed determined by the reaction energetics, giving rise to time- 
dependent interference (middle). At large separation R, the 
interatomic coherence is lost and the photoelectrons are emitted 
fom one oF the other atom, without interference (bottom). Blue 
‘and red colors indicate wave crests and troughs, respectively. 


‘on one atom or the other. (Coherence is not 
really “lost,” but transferred to a larger sys 
tem including the perturbing fields.) Until 
then, the dissociating ion can be viewed as 
4 coherent superposition of the localized- 
charge states. 

This description is reminiscent of the 
famous double-slit experiment (3), in which 
electrons pass through a partition that has two 
‘openings. The electrons hita screen and create 
an interference pattern, but we do not know 
‘which path the particles take. Iweascertain the 
path, the interference pattem disappears. Inthe 
cease of the diatomic ion, the charge remains 
coherently delocalized, similar to the electron 
passing through both slits at once, unless a 
measurements performed to resolve one ofthe 
two possibilities. The asymmetric fragment 
statesin the dissociative ionization of H, can be 
described as superpositions of the localized- 
charge states with differing amplitudes, corre- 
sponding to slits of unequal width. The mea- 
surement of the H” recoil direction effectively 
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term 
passes through in the double-slit experiment. 

This parallel can be taken further, The ion- 
ization of any homonuclear diatomic molecule 
is naturally described in“ double-slit” terms, as 
the superposition of waves emitted from two 
coherent atomic centers. This gives rise to a 
conceptual view of a molecular-scale interfer- 
‘ometer (see the figure) with path lengths deter- 
mined by the internuclear distance R. 

Asin any interference scenario, the exper 
imental observables depend on RA, where A 
in this case is the de Broglie wavelength of 
the emitted electrons, The importance of 
this parameter was recognized by Cohen and 
Fano (4), who predicted that the ionization 
ross sections of homonuclear diatomic mol- 
ecules should depend periodically on R/2. 
This conclusion has since been extended to 
more subtle observables, such as photoclee- 
tron angular distributions 

The dependence of angular distributions 
‘on R’ has been observed in two different 
regimes: by varying the photon energy and 
hence the electron wavelength (4, 5); and as 
a function of 2 in time-resolved dissociation 
(6, 7), The second scenario corresponds to the 
dynamic molecular interferometer (see the 
figure), where photoelectrons are emitted 
coherently from two recoiling centers, as has 
bbeen described recently in the photodissocia- 
tion of Ly (7). The interference parameter R/A. 
in this case couples the molecular dissociation 
and electron emission dynamics via R(t) and 
2, respectively. The experiment also showed 
that the excess electron can remain coherently 
delocalized over large internuclear distances 
(tens of angstroms), providing a striking 
demonstration of the persistence of symmetry. 
and coherence. 

With modern experimental techniques, the 
collusion of symmetry and coherence ean be 
scrutinized in a diverse range of elementary 
{quantum processes. Quantum theory is thi 
being subjected to the most rigoroustest imag- 
inable, including the search for its possible 
limitations. These studies propel our under- 
standing of chemical interactions and bonding. 
probing the driving force of chemical re 
tions—the electron dynamics. 
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Since the mid-1980s, our understanding of nutrient limitation of oceanic primary production has 
radically changed. Mesoscale iron addition experiments (FeAXs) have unequivocally shown that 
iron supply limits production in one-third of the world ocean, where surface macronutrient 
concentrations are perennially high. The findings of these 12 FeAXs also reveal that iron supply 
‘exerts controls on the dynamics of plankton blooms, which in turn affect the biogeochemical 
cycles of carbon, nitrogen, silicon, and sulfur and ultimately influence the Earth climate system, 
However, extrapolation of the key results of FeAXs to regional and seasonal scales in some 
cases is limited because of differing modes of iron supply in FeAXs and in the modern and 


paleo-oceans. New research dire 
‘carbon biogeochemistry. 


work of John Martin (/, 2) sharply 
| focused attention on the role of iron (Fe) 
in ocean productivity, biogeochemical 
eycles, and global climate by proposing “that 
phytoplankton growth in major nutsient-rich 
Waters is limited by iron deficiency” (2), The 
candidate mechanism of Martin (/. 2) poi 
to the importance of changes, aver geological 
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include quanti 


tion of the coupling of oceanic iron and 


time, in the magnitude of macronutrient uptake 
by phytoplankton in waters where macronu- 
trient concentrations are perennially high (J), 
Specifically, Fe supply to the ocean was much 
higher during glacial maxima than at present 
(Z)_ and it is estimated that the increase in Fe- 
induced productivity could have contributed 
perhaps 30% of the 80-ppm drawdown in 
atmospheric CO; observed during glacial 
maxima by enhancing the eecan’s biological 
pump (3), 

Early results from shipboard incubations 
in high nutrient-low chlorophyll (HINLC) wa- 
ters presented compelling but equivocal ev 
dence that phytoplankton growth was limited 
by Fe availability (2). After rigorous discussion, 
aa consensus wats reached (4) that, because ship- 
board experiments have artifacts, mesoscale 
Fe addition experiments (FeAXs) offered the 
best approach to resolve questions about the 
role of Fe in ocean productiv ling, 
and climate. The main objective of FeAXs 
was to test whether Fe enrichment would in- 
crease primary productivity in HNLC waters, 
‘but additional questions focused on how 
enrichment would affect nutrient use and ex- 
port (/). 

‘The era of mesoscale Fe enrichments started 
with IronEx 1, where Fe and the conservative 
tracer SFe (5) were added to tropical HNLC 
surface waters (6). A further 11 FeAXs of sim- 
ilar design (7, 8) in different NLC regions 
(Fig. 1) later confirmed the capability 1 study 
pelagic ecology and biogeochemical e 
a diserete water parcel over time and space 
scales of weeks and kilometers. Complementary 
approaches include ship-based observations of 
persistent blooms within HNLC waters (Fig. 1), 


termed here FeNXs (Fe natural enrichment ex- 
periments), that are driven by sustained and 
localized Fe enrichment (9), 


Common Findi 
FeAXs have each used a common framework 
(7) that enables comparison of their biogeo- 
chemical signatures (Table 1 and tables 
83). The results of FeAXs have subst 


and 
interneli- 
h 
theory-based predictions of ecosystem dynam 
ics. For example, they have shown that phyto- 
plankton grow faster in warmer open-ocean 
‘waters (lable S2), as predicted by algal physio- 
logical relationships (/0), and that blooms 
across a range of FeAX sites display an inverse 
relationship between chlorophyll concentration 
and mixed-layer depth (Table 1), as forecast by 
thooretcal relationships between light penetra 
tion and mixed-layer depth (8, 17, 12). Mote 
specifically, FeAXs have verified that Fe en- 
richment enhances primary production trom 
polar to tropical HNLC waters (Table 1) and 
‘confined that Fe supply has a fundamental role 
in photosynthesis (photosynthetic competence, 
table SI), diatom sinking, Fe uptake rates (73), 
and other physiological processes. FeAXs have 
demonstrated reduced silica. requinem 
diatoms when relieved of Fe stress (14), con- 
firming results from bottle experiments (/5). 
These mesoscale experiments have pro- 
Vided detailed tions, within 
atracer-labeled parcel of water [i., a Lagran- 
sian framework (7)). an looms 
from initiation through evolution and decline 
(Table 1), Data collection within a Lagrangian 
framework gives unparalleled insights. into 
‘bloom dynamics and clarifies how the interplay 
of factors such as initial conditions (table $1) 
ind loss processes defines properties such as 
bloom magnitude, which exhibits a fhetor of 10 
range in chlorophyll concentrations. between 
FeAXs (Table 1). The broad suite of measure- 
‘ments and their high temporal resolution in 
FeAXs will be a useful tool to bette 
the less highly resolved observations a 
for naturally occurring blooms [e.g 


the Ant- 
arctic Environment and Southern Ocean Pro- 


cess Study (AESOPS) (/6)}. Furthermore, the 
high-resolution data sets have enabled the estab- 
Tishment of a mechanistic understanding, in 
some FeAXs, of the evolution, termination, and 
decline phases of blooms (17) (Table 1). The 
durations of these bloom phases provide an es- 
timate ofthe lag time between the accumulation 
of phytoplankton C and its subsequent export 
(17), such an estimate has proved elusive in pre- 
vious studies (/8), 

This experimental approach has presented a 
platform to examine in detail the interactions 
of top-down and bottom-up control—outlined 
in the ecumenical Fe hypothesis (/9)—on phy- 
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toplankion community’ structure 
For example, stocks of all phyto- 
plankton groups increased initial 
ly upon Fe enrichment, but only 
sd (Table 1) 


the diatoms bloo 


by escapi 


Thus, unlike bot 


incubations, 
FeAXs offer a holistic approach 
to studying the entire pela 


food web. This enables assess 


ment of the intesplay of ecological 
processes and the resultant bio- 
geochemical signals, such as Fe 
mediated inereases in haptophyte 


sequent faunistic shifts within 
the microzooplankton (20) (table 
$2) that lead to changes in di 
‘methy_ sulfonioprepionate(DMSP) 
(20) and dimethyl sultide (DMS) 
concentrations (20) (Table 1), re 
ages in DMS 


10 


spectively. These 


climate-reactive biogenic gases 


in addition to CO;—must be 


considered to obtain the cum 
lative effect of Fe enrichment on 
climate 


Fig. 1. Annual surface mixed-layer nitrate concentrations in units of mol liter™* (48), with approximate site 
locations of FeAXs (white crosses), FeNXs (red crosses), and a joint Fe and P enrichment study of the subtropical 
LNLC Atlantic Ocean (FeeP; green cross), FeAXs shown are SEEDS | and Il (northwest Pacific; same site but symbols 

The scale of FeAXs, and in are offset), SERIES (northeast Pacific), IronEX | and I! (equatorial Pacific; IronEX II is to the left), EisenEx and EIFEX 
panicular their use of the SF5 (Atlantic polar waters; EIFEX is directly south of Africa), SOIREE (polar waters south of Australia), SOFEX-S (polar 
tracer, enabled the construction waters south of New Zealand), SOFEX-N (subpolar waters south of New Zealand), and SAGE (subpolar waters 
of pelagic biogeochemic rest to New Zealand). FeNX sites shown are the Galapagos Plume (equatorial Pacific), Antarctic Polar Front 
gels tor C (/7) and Fe (2/) un- (polar Atlantic waters), and the Crozet and Kerguelen plateaus (Indian sector of Southern Ocean; Crozet is to the 
der high-Fe conditions, FeAXs left of Kerguelen). For the geographical positions of the FeAXs, see (8). FeeP investigated whether N-fixing 
have permitted thestudy ofwheth- phytoplankton are simultaneously limited by Fe and P; see Table 1 


er speciation controls Fe bio 
availability (22), the mechanisms behind ocean b pistry and 


imate 


bloom decline. SERIES suggests that both Fe 


changes in the production of Fe-binding ligands FeAXs are relatively shor apply andl diatom species result 


(FeBLs) in response to enhanced Fe (table $3), specifically designed 


st whether Fe supply of decreasing. silicate concentrations, set the 
and othe 


aspects of Fe chemistry. The SFq tracer limits primary prc 


nin HINLC waters, and silicate-nitrate uptake stoichiometry (/7). Thus, 
fe they can address this iss k 

He 
FeAXs can successfully be scaled up the macronutrient inventory, it is difficult to 


8 of FeAXs without infor 


hhas also helped demonstrate that the underlying there 
physics at FeAX sites 


y by although Jonger-term Fe enrichment (months) 


Hiers the bloom bio, 


sider whether find- may result in uptake ofa greater proportion of 


chemical signature both by diluting phyto- 
plankton stocks (T 


le 1) and by ‘ 


increasing the temporally (seasonal to geological) and spatially scale up the findin 


of the patch (table $3) gional to global). Four issues, addressed 


‘on the long-term stability of phytoplank 


Such patch dilution may sult in experimental below, are central to tests of the validity of such 


anificts including arrested bloom devel 


nwnity structure, such as diatom species 


(23), which leads to reduced macronutrient uptake. Mediation of bloom decline via macto- 
ial Macronutrient Uptake 


Together, the wide ran 


nutrient depletion means that grazer control of 


conditions and resulting breadth of bloom sig- The degree of Fe-mediated algal uptake of the phytoplankton stocks is les likely on the shorter 
natures evident from FeAXs (Table 1 and tables mixed-layer macronutrient inventory will deter time scales typical of FeAXs, This may also ap. 
SI to $3) provide an essential data resource to mine bloom longevity (J7) and influence the _ ply in some cases to the Last Glacial Maximum, 
improve existing ecological and biogeochemical magnitude of C sequestration (/, 3), FeAXs, on as abundant diatom resting spores from Souther 
modlels and to develop new ones. For example, aa time scale of weeks, have exhibited a wide — Ocean sediment cores indicate substantial export 
new model of DMS dynamics developed during range of nutrient uptake (table $3), with ¢ om diatom blooms in the Atlantic sector trig 
Subarctic Ecosystem Response to Iron Enrichment pletion of >0.7S and >0.6 of the mixed-layer gered by nutrient exhaustion rather th et 
Study (SERIES) provides a better understanding silicate and nitrate inventory, respectively, itt control (27). Thus, FeAXs may mimic naturally 


of how the complex interplay of physical, photo- several cases (table $2). Polar FeAXs, although occurring blooms that are transient (weeks) and 
chemical, and biological processes affects the 0! duration (Table 1), have resulted in are terminated by rapid nutrient depletion with 
temporal evolution of mixed-layer DMS concen- <0.3 of the macronutrient inventory being used, consequently little change in the grazer com. 
trations (24, although inventories at polar FeAX sites are — munity (/7 


greater than in other HNLC 
Scaling Up the Results from FeAXs Fe-mediansd diatom 
A key issue to be addressed is how natural or (lable $2) and natural 


anthropogenic variability in Fe supply affects deplete si 


Bloom Time Scales and Food Web Dynamics 


FeAX blooms may be subject to zooplankton 


ate bu trate, which has led (Table 1), which would result in less 
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efficient downward export of algal C (20) and 
‘an increase in pelagic Fe recycling (28). How- 
ever, the generation times for grazers range 
from days (microzooplankton) to months (mac~ 
rozooplankton), whereas FeAX blooms evolve 
‘over 2 to 3 weeks (Table 1), Increased micro- 
zooplankton and, in some cases, mesazoo- 
plankton abundances (Table 1 and table S2) 
and subsequent alteration of food web dy- 
namics were evident during FeAX blooms 
(table $2), If FeAXs were of longer duration, 
would stocks of large zooplankton increase 
With sustained Fe-clevated productivity? Ifso, 
how would they influence the bloom signature 
Heavy grazing pressure, exerted by macro- 
zooplankton, occurs in some upwelling re- 
gions (29) where a continuous nutrient supply 
(months) maintains a high-produetivity sys- 
1. Recent FeNXs, at sites with sustained 


nutrient supply (9), will reveal whether such an 
adaptive grazer response occurs during long- 
term blooms within HNLC waters, and hence 
whether upscaling the results of FeAXs to 
sustained naturally occurring blooms (months) 
is valid. If such an adaptive grazer response is 
‘observed, the potential long-term biogeochem- 
ical feedbacks of grazer-mediated Fe recycling 
and reduced export efficiency of algal C should 
‘be explored via modeling simulations. 


‘Modes of Iron Supply 
Initial attempts 10 relate the Fe supply during 
FeAXs with that in the modem or paleo-occan 
(30) were hampered by relatively poor 
understanding of Fe biogcochemistry, Since the 
mid-1990s, our understanding has advanced 
considerably through better estimates of the 
solubility (37) and upper ocean residence time 


‘of aerosol Fe (32), improved regional coverage 
of dissolved Fe (DFe) concentrations (33), and 
greater insight imto the key role of FeBL in 
maintaining Fe in the upper ocean (34), 
Although measuring DFe remains challenging, 
‘many technical issues have now been addressed 
35). Our improved understanding is reflected in 
better models of dust depositional Muxes (25), 
eceanic DFe distributions (36), and the impact 
of higher Fe supply to the paleo-ocean (14), 
providing a more realistic picture of Fe supply to 
HINLC waters both now and in the geological 
past (Fi 
‘A comparison of modes of Fe supply 
“Xs, and naturally occuring pertur- 
2) reveals a wide range in the 
magnitude, chemistry, residence time, and spa 
tial and temporal scales of Fe supply. Although 
the pulsed Fe enrichments during FeAXs are 


Table 1. The main findings {rom the 12 FeAXs (in chronological order 
from left to right) conducted between 1993 and 2005 [for additional 
details, see (8)}. See tables S1 to $3 for further details of initial 
conditions, ecosystem structure, and biogeochemical responses. Light 
climate, defined as the mean irradiance available to phytoplankton in the 
mixed layer, was calculated according to f= /ol1 ~ exp(-Ke2)lKyz, where I 
is mean mixed-layer irradiance (PAR), lg is the subsurface PAR, Ky isthe 


mixed layer. Dilution rate is the mean growth rate of the SFerlabeled 
patch over the duration of each FeAX, Each property is expressed 
‘volumetrically but can readily be converted to a column integral by using 
the data on mixed-layer depth (MLD). Terms prefixed with a delta such as 
ADIC denote maximum minus initial concentrations; nc, no significant 
change (relative to the surrounding HNLC waters); blank cells indicate 
that no data are currently available, The ratio of maximum to minimum 


vertical light attenuation coefficient (m™), and z i the depth of the upper primary production is based on column integrals. 
Property WWonEX | WonEX ll SOIREE EisenEx SEEDS SOFEXS SOFEXN EIFEX SERIES SEEDS SAGE Feep 
(Co (5s) 46) a7) (59) 
Fe added (ka) 450 «450~«—«750 «2350 350»«1300««1700 «2820490 «= A80««1200 1840 
Temperature (°C) 23 25 2 304 Mm ot S$ 405 13 9t012 118 a 
Season Fall Summer Summer Spring Summer Summer Summer Summer Summer Summer Fall Spring 
Light ctimate 254 21610 S9to «BZ tO -—«17Bto. 1030-125 to 173 t0 59 to 
Gimot quanta (max)to 10833 40 9 «8 ” B sz 
mh) 230 (min) 
Dilution rate 027-048 «= 0.07 00410 0050.08 0.07 to 04 
(aay"") 0.43 0.16 
Chlorophyl, 02 02 02 «05 «4909 «02 03 06 04 08 06 0.04 
t=0 
(mg m™) 
Chlorophyl, 06 3300«23:C2B 2S ASS 0.07 
‘maximum 
(mg >) 
MLD (m) 35 ae 3070" 30" 
Bloom phase Evolving Dectine Evolving Evolving Evolving Evolving Evolving No No 
(duration, 6 an 43) a) aa) (25) bloom bloom 
days) subducted a7 ” 
oie 6 % uw SB ot ne a 
(ramol mi) 
50MS 08 18-29 -13,then ome one none ne 
umot m=) toot 
Dominant Mixed Diatom —Diatom —Diatom —Diatom —_Diatom Mixed Mixed Cyanobacteria 
phytoplankton Prochlorococcus 
Export ne jncrease ne 1 ne Increase nm one 
Mesozooplankton Increaset Increase nc ne mone Increase nc ne 
stocks 
Prtinary 4 6 9 4 4 6 10 2 10 2 a7 
production 
(maximin ratio) 


“Ghanges in MUD were observed during the study, the maximum MLD is shown Gor nit MLD, see table STD. An tial increase jn DAS concerivatin flowed by a decine by the end of the 
study. -#Based on anecdotal evidence. Sioceased export was mainly asocted wih 2 subduction evert. 
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source (4). A- major unknown in 
the geological past is the fate of Fe 
incorporated into phytoplankton 
blooms. Was dust-mediated Fe sup- 
ply lost to the deep ocean as de- 
lining blooms sank [as aggregates 
(23), oF was it efficiently reeyeled 
by biota in the subsurface oecan and 
subsequently upwelled? Uncertainty 
‘over the fate of Fe is highlighted by 
comparing two modeling studies, 
They indicate that substantial atmo- 
spheric CO drawdown resulted 
from the routes of 


igh dust deposi- 


1) Fe*>0 1) Fe*<or=0 tion with no Fe recycling (47) and 
2) Pulsed 2) Sustained from lower rates of dust deposition 
3) Days 3) Weeks with recycling and subsequent up- 
4) 10 km. 4) 100 km welling (/4). The pulsed Fe supply 


in FeAXs may therefore be more 
relevant to a palko-oeean with 
D saxdic dust supply (weeks) and Fe 
export to the deep ooean, wher 
FeNXs are a better proxy if Fe 
supply was sustained (months) by 
upwelling and recycling. Compari- 
son of the results of FeAXs and 
FeNXs via modeling studies will 
provide insights into how different 
modes of Fe supply affect o0ea 
Fe and C biogeochemistry 


7005 


1300 2000 


Depth (m) Coupled Iron-Carbon 
i Biogeochemistry 
1) Fer<<0 1) Fe'<0 Z The dep Wo wich the tinge. 
2) Episodic 2) Episodic chemical Fe and C eyeles are linked 
3) Weeks 2S Comsee isco to daemnining teint 
4) 1000's km 4) 1000's km of increased Fe supply on atmo. 


spheric CO; drawdown and global 
climate in the geological past. A key 
meter is the efficiency of phyto- 

on © fixation per unit De 


Fig. 2. A comparison for Southern Ocean waters of mechanisms responsible for perturbations in Fe supply 
Numbers in each panel: 1) Fe*, the relative magnitude of Fe supply relative to macronutrient supply (36); 2) the 
mode of Fe supply; 3) the time scale over which surface waters receive increased Fe supply; and 4) the length 


ic. POC formation) 8(Fe supe 
scales of Fe supply evens. (A) Satelite image ofa purposeful in situ Southern Ocean FeAX [SOIREE (49) (B) [ie APOC Kaman) dire sy 
‘an FeNX near Crozet within the HNLC Southern Ocean, where naturally occurring blooms are evident from sh Tie 


remote sensing (9). (C) An atmospheric dust deposition event (dust units are g m™ year) in the modem 
Southern Ocean [e.g., from Patagonia (25)]. (D) Fe supply to the Southern Ocean during the glacial maxima 
from direct [ie., higher dust deposition (1, 39)] and/or indirect [ie., upwelling of waters with higher Fe 
concentrations (40)] sources. The magnitude of this supply is unknown; hence, Fe* is expressed as < 0. Fe* is 
defined as Fe* = [Fe] — ((Fe/P) algal uptake ratio x [PO,>]) (36). If Fe* > 0, primary production is ultimately _eported)]. Also, because Fe supply 
macronutrient-limited; if Fe" < 0, production is ultimately Fe-imited. The width of red arrows denotes the during the geological past was 
relative magnitude of changes in Fe supply; the hatched arrows in (D) denote uncertainties about whether Fe clevated for centuries (Fig. 2D), it 
supply in the geological past was episodic or sustained (see text). In (B) to (D), downward- and upward-pointing is important wo determine the fate of 
arrows represent atmospheric and oceanic (upwelling) supply, respectively. Consideration of Fe chemistry for C relative to Fe in the upper ocean 
each of these modes of supply is beyond the scope of this review, but see (22). over longer time scales: Is Fe re 
tained via remineralzation in the 
water column or exported tothe sediments? li. 
&DIC remineralizedy (Fe remineralized) and 
&POC exported) &(PFe exponed), where DIC is 
dissolved inorganic carbon) 
There are few published data on Fe ratios 
for particle production, remincralization, oF ex- 
port (Fig. 3). A range of three onders of magni- 


POC export tenn will set the 
atmospheric drawdown efficiency 


analogous to episodic dust events, the total Fe 
supplied in FeAXs is much larger, and Fe 
solubility is greater than from dust deposition 
[(7% see also (3/)]. Also, there is little © 
dence of blooms (ie. >1 mg chlorophyll m*) 
episodic dust deposition into both HNLC 
and low nutrient-low chlorophyll (LNLC) 


during the glacial maxima was higher than at 
present by a factor of 10 (/, inde 
of this supply is potentially comparable to that 
during FeAXs and FeNXs (Fig. 2). Howev: 
there are uncertainties about the mode of Fe 
supply during glacial maxima. Supply was 
ther episodic and localized from dust storms 


the glacial maxima, increases in Fe 
supply are evident over a tim 
(/). Aerosol Fe supply to the Southem Ocean 


. Patagonia (39)] andior sustained and 
global, being driven by Southern Ocean upwell- 
and oceanic circulation (40) in conjunction 
global dust deposition as the main Fe 


tude in FeC molar ratios is evident, which is 
probably due to the use of different approaches as, 
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ascribed to a number of processes, such as 
ifferental remineraization of Fe and C on sink- 
z particles [due to processes including seaveng- 
ing on Fe (36, 42)], which results in increased 
PFePOC ratios with depth (Fig. 3). Abo, phyto- 
plankton in high-Fe surface waters may take up 
more Fe per unit of C fixed fic, “luxury” Fe 


Fig. 3. Summary of published Fe/C molar ratios (on a log scale) from (A) low-Fe HNLC waters and (B) high-Fe waters 
‘and FeAXs (FeAXs denoted by hatched bars). Ratios were obtained from a range of sources: mixed-layer phytoplankton 
(green), suspended biogenic particles (red, sinking biogenic particles (brown), and remineralization of particles 
inferred from dissolved constituents (blue). Symbols in (A: A, Southern Ocean (50); B, subantarctic (42); C, subarctic 


ppaleo-ocean. Key questions center around the 
issues of macronutrient use, ecosystem re- 
sponses, modes of Fe supply, and coupling of 
Fe-C biogeochemical cycles, for which we 
propose throe hypotheses 

First, with respect to macronutrient uptake 
and ecosystem dynamics, we hypothesize that in 


Pacific (51, 52); D, northeast Pacific (1); E, the Low-Fe North Atlantic (43); ML, surface mixed-layer sampl 


Feenly& ihogeie and biogenic Fe. Symbols in (Fa vatio fom an Fe-eplete algal ute 53, SERIES 7; 
H, SOFEX-S (54); 1, the northeast Atlantic (52); the high-Fe North Atlantic (33). The ratios were derived from a wide 
range of approaches including algal lab cultures (53), sediment traps (42), vertical nutrient profiles in HNLC waters (1), 
and particle regeneration from apparent oxygen use versus DFe (33, 43). Assessing the bioavailability of Fe (22) is a 
‘confounding factor in estimating Fe:C ratios, over and above the effect of patch dilution in FeAXs on the fate of the 
added Fe. The FelC ratios derived from FeAXs in (B) are (Fe added)(C exported) and assume thatthe Fe term i the total 
amount of Fe added, which may overestimate this ratio by 100% or more (21, 55). 


Uptake (73, 43)], resulting in greater Fe reminer= 
alization than © remineralization on sinking 
‘particles: relative to panicles in HINLC waters 
(33), The available data on PFePOC ratios in- 
dlcate that settling particles from natural blooms 
(northeast Atlantic; FeC molar ratio 2.7 = 10) 
and FeAXs (Fe'C molar ratio 3.1 = 1041021 
10-3) have higher ratios than those in HNLC 
waters (Fig, 3), During FeAXs, much of the Fe 
added is rapidly lost via precipitation and patch 
dilution (27); hence, Fe’ ratios fiom FeAXs 
\ill be overestimated by a factor of mone than 2 
(Fig. 3). Moreover, the time scales of FeAXs do 
hot permit the fate of Fe (recycled or exported) 
initially addled to the mixed layer to be assessed 
(44), and hence the ultimate efficiency of (Fe 
aulded)y(C sequestered to depth) cannot be de- 
termined. Thus, upscaling the Fe:C stoichiome- 
try from FeAXs to greater spatial and temporal 
scales is not curently recommended. 


The Future: Key Questions and Approaches 
Key findings from FeAXs offer insights for 
modelers, although a limited number of these 
findings can be extrapolated directly to regional 
and seasonal scales for Fe enrichment, Such 
limited extrapolation relates to limitations in 
the FeAX design (7) and to uncertainties in our 
understanding of Fe biogeochemistry in the 


addition to magnitude, the stoichiometry of 
macronutrient and Fe supply to HINLC surface 
Waters is equally critical in determining wheth- 
cer blooms are transient (weeks) or sustained 
(months). This in tum will dictate the plank- 
{onic community that develops and the subse 
quent biogeochemical balance between Fe 
recycling within, and export from, the surface 
ed layer. 

Second, although the mode of Fe supply is 
important (Fig. 2), the foctors that influence the 
availability of the Fe supplied to the biota are 
critical. We hypothesize that the magnitude of 
the Fe available to the biota will be determined 
bby the mode of Fe supply and in particular by the 
subsequent mobilization and retention of this Fe 
bby upper-ocean processes. For acolian Fe sup- 
ply. these processes include aerosol Fe mixed- 
layer residence time 132), photochemistry, FeBL 
concentrations (25) and their joint impact on 
aerosol dissolution, and the ability of bacteria to 
access lithogenic PFe (42). The bioavailability 
of Fe supplied from upwelling may be influ- 
enced by processes such as photochemistry or 
bby the concentration and binding strength of the 
upwelled Fe and FeBL relative to those in the 
surface mixed layer. 

Regarding the issue of Fe and © biogeo- 
chemistry, we offer a thind hypothesis: that the 


relative importance of the processes that set 
particulate Fe'C ratios and their controlling fc~ 
tors will vary both regionally and seasonally. 
These processes, which will dictate Fe and C 
expon, include algal Fe uptake and the di 
ential rates of panicle remineralization for Pe 
and C in surface and subsurface waters, Each 
‘of these, in turn, will be deter- 
mined by a ringe of fietors 
such as DFe concentration [al- 
gal Fe uptake (43)], food web 
structure and grazing activity 
[remineralization rates (45)), and 
Particle properties and transfi 
mations including sinking rate 
‘orseavenging [exportefficieney 
(36,22). 

Testing these hypotheses 
will require both specific and 
multistranded approaches that 
link FeAXs, FeNXs, and bio- 
geochemical Feand C studies in 
@ range of locales, Three are 
advocated: 

1) Modeling studies to apply 
‘our improved understanding of 
Fe biogeochemistry in the miod- 
5; biogenic em ocean to the geological past. 
Model simulations should also 
‘capitalize on the complementary 
approaches offered by FeAXs 
and FeNXs into. how pulsed 
versus sustained Fe supply af 
fects ecosystem dynamics and 
‘biogeochemistry. 

2) Improved experimental 
designs to overcome the limitations of FeAXS, 
such ats smaller and more fiequent Fe doses, 
greater patch length seale (>>10 km), and a= 
ditional measurements that provide insight into 
the impact of Fe enrichment on climate (e... 
biogenic gases) or Fe cycling (¢.. fate of Fe). 
Detailed comparison of the biogeochemistry of 
dillering FeNXs would help us understand bet- 
ter the influence of a range of Fe:macronutrient 
stoichiometries on bloom dynamics and C bio- 
govchemisiry. Such experiments require appli 
tion of both existing fairerafl, laser imaging 
detection and ranging (46)] and new [liders, 
sensor arrays (47)] technologies, and should be 
linked 10 regional circulation models with em 
bedded biogeochemistry. The utility of shipboard 
Fe enrichments to study algal physiology in de- 
tail should not be overlooked (/5). 

3) Biogcochemical studies to jointly measure 
key properties in the Fe and C eyeles, such as 
FeC ratios and FeBL concentrations associated 
‘with panicle transformations, will require spe- 
cific investigation of end-members—HNL( 
LNLC, and high-Fe waters in coastal and off= 
shore waters. These, in conjunction with the im 
proved experimental designs described above, 
‘will provide insights into temporal and spatial 
controls on Fe'C ratios in both high and low-Fe 
regimes. 
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Dimensions of Mind Perception 


Heather M. Gray,* Kurt Gray, Daniel M. Wegner 


hat kinds of things have minds’ 
wets to this question often h 
pereptions, Turing (J) held that a 


‘computer has a mind tell that 
it is not human, and Dennett (2) has proposed 
that every mind is defined as such in the eye of 
the beholder, But to date, it has generally been 
assumed that mind perception occurs on one 
dimension or less 
nsions of mind perception 
have remained unexamined, Studies testing 
whether chimpanzees pereeive minds (3) and 
‘whether children a people with autism fave this 
ability (4) use variety of indicators but have not 
explored whether minds are pereeived along one 
‘or more dimensions. We studied the structure of 
mind perception through 2399 completed surveys 
‘on the Mind Survey Web site (5), 

ach survey called for 78 pairwise comparisons 
‘on five-point scales of 13 characters for one of 18 
rental capacities (¢ capacity to feel pain) or for 
‘one of six personal judgments (e.g, “Which char 
acter do you like "), ‘The characters 
uded seven living human forms (7-week-oll 
fetus, month-old infant, S-yearold girl, adult 
\Woman, adult man, man in a persist tive 
state, and the respondent him- or herself), three 
nonhuman animals (og. Family do, ane wild 


yereeiver ean 


1 


chimpanzee), a dead woman, God, and a 
sociable robot (Kismet). So, for example, one 
such comparison involved rating whether 3 gint 
of Sis more or less likely to be able to feel pain 
than isa chimpanzee. The survey samples were 
largely independent; 2040 unique respondents 
contributed data. Participants with many hack- 
grounds responded but averaged 30 years of age 
and were modally female, white, unmarried, 
Christian, Democrat, and with some colle 
education (6). 

Mind perception dimensions were identified 
by computing character means for each mental 
capacity survey and submitting the correlations 
between capacities across characters to principal 


components factor analysis (varimax rotation), 
The rotated solution accounted for all 18 capac 
ities (extraction communalitics ranged from 0.82 
i Variance, and 
wales over 1.0. 
lus 


10 0.99 explained 97% of rat 
yielded two factors with 
‘A factor we termed Experience (cies 
15.85) accounted for 88% of the variance and 
yeluded 11 capacities (from highest loading) 
hunger. fear. pain, pleasure, rage, desire, per- 
sonality, consciousness, pride, embarrassment 
and joy. A second factor, Agency (eigenvalue 
1.46), accounted for 8% of the variance and 
included seven capacities: se 


Experience 


@ 


& 


0+ 
0 


Fig. 1. Adjusted character factor scores on the 
vegetative state. 


Agency 


dimensions of mind perception. PVS, persistent 


ity, memory, emotion recognition, planning, 
communication, and thought. Chara 
tor scores on these dimensions (Fi 
interesting features; for example, God was 
perveived as having much Agency but little 
Experience. 

Personal judgments of the charicters were 
redated to the mind perception dimensions, Some 
judgments were related to both Experience and 


fiom no mind (bo 
(Gop right), characters become more highly valued, 
Thus, both dimensions correlated with liking for a 
character, wanting 10 save it from destruction, 
‘wanting 10 make it happy, and perceiving it as 
having a soul (r ranging fiom 0.38 10 0.72), Such 
integrated use of the dimensions in valuing minds 
«can account forthe traditional eonceptuatization of | 
‘mind as perceptible long a single dimension, 
However, the remaining judgments showed 
difering correlations. with the two dimensions 
Deserving. punishment for wrongdoing ("If both 
characters ha caused a person's death, which one 
do you think wouk! be more deserving. of pun- 
ishiment?") corelated more with Agency (r= 0.82) 
than Experience (7° = 022, = = 286, P< 0408), 
whereas desire 10 avoid hamming (If you were 
forwed to harm one of these characters, which 
‘one would it be more painful for you to harm’?") 
correlated more with Experience (r= 0.88) than 
Agency (r= 0.26, = © 2.10, P< 0.05), The di- 
‘mensions thus al dis- 
(whose actionsean 
bbe morally right or wrong) and moral patients 
(who can have moral right or wrong done to 
them). Agency is linked to moral agency and 
hence 10 responsibility, whereas Experience is 
linked to moral patency and hence 1 rights and 


privileges. Thus, our findings reveal not ane di- 
‘mension of mind perception, but two, and show 


that these dimensions capture different aspects of 


monty 
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Composite Materials with Viscoelastic 
Stiffness Greater Than Diamond 


T. Jaglinski,? D. Kochmann,? D. Stone,? R. S. Lakes** 


‘We show that composite materials can exhibit a viscoelastic modulus (Young's modulus) that is far 
‘greater than that of either constituent. The modulus, but not the strength, of the composite was 
observed to be substantially greater than that of diamond. These composites contain barium- 
titanate inclusions, which undergo a volume-change phase transformation if they are not 
Constrained. In the composite, the inclusions are partially constrained by the surrounding metal 
matrix, The constraint stabilizes the negative bulk modulus (inverse compressibility) of the 
inclusions. This negative modulus arises from stored elastic energy in the inclusions, in contrast 
to periodic composite metamaterials that exhibit negative refraction by inertial resonant effects. 
Conventional composites with positive-stiffness constituents have aggregate properties bounded 
by a weighted average of constituent properties; their modulus cannot exceed that of the 


stiffest constituent, 


most elastic systems, a deformed object 
[sees face wil component inthe 

ame direction as the deformation, so that the 
stillness is positive, Ne; 
(4.6. force displacement ratio) can occur in pre- 
ed objects such as tubes buckled to form 
kinks, which contain 
uum (/), Experimental 
ness has been observed in lumped buckled 
ems composed of rubber tubes (2) and mod 
singh: Foam cells (3). 

The clastic moxlulus, a stes/strain ratio, is a 
measure of material stiffness. A negative mod 
lus is anticipated in the context of Landau’s (4) 
theory of phase transformation. As the temper= 
is lowered from a value above the trans 
ation temperature, an energy function of 
both strain © and temperature (Fig. 1) with a 
single minimum gradually flattens, then devel- 


ive structural stiffness 


strain, the trans 
for a hydrostatic stra 
transformatio 


responds to a soft- 
ing of the modulus near a critical temperature 
To. phenomenon observed experimentally. Be- 
low 7 the reversed curvature at a small strain 
represents a negative modulus. A negati 

ulus in which the force that deforms an object 
in the direction opposite to the displacement 
distinct from a negative Poisson's ratio, in Which 
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ial expands laterally when itis stretched 
(5-7). A negative modulus may occur in a pre 
deformed object; it is then a negative 
‘mental modulus. An object with all five sur 
and a negative modulus is unstable. A negative 


form, even if the surfacesare constrained. A solid 
object with a negative bulk modulus (inverse 
compressibility) can be stabilized by a con- 
straint of the surfices (8), in contrast 10 fluids 
incremental compressibi 
been observed in small-cell foams (10), Negative 
compressibility differs from negative thermal ex- 
Panision (/7), which i the stable eontraction of an 
unconstrained object because of a temperature 
increase, 

Negative stifess can give rise to extreme 
Values of physical properties in heterogeneous 
systems For example, both negative stiffness and 
the resulting giant damping were observed (2) in 
a lumped system containing discrete buckled 
tubes. A composite with ne 
clusions is predicted to give rise 10 material 
properties greater than those of either constitu 


(22, 13), Such behavior exceeds classical bounds 
(14), in. which composite properties cannot 
excead the properties of the constituents. These 
‘bounds ae theorems assuming that each constit- 
‘vent initially contains no stored enerey. Negative 
silliness entails initial stoned energy: viscoelastic 
dissipation, if present, enhances composite ste 
bility. In composites (/5), anomalous high viseo- 
clastic damping was observed and attributed t0 a 
negative shear modulus in ferroelastic inclusions 
that were partially constrained by the mati. 
These inclusions were sufficiently small that 
some of them were single domains. Similar eom- 
posites (/6) of higher concentration exhibited 
instability, as predicted by a composite theory 

incorporating a negative shear modulus, 
Composite materials were prepared with ine 
fusions of barium titanate (BaTiOs) ina tin 
matrix, BaTiO; was used because itis a ferro 
clastic, and abo a feroelectric, solid that exhibits 
and a crystal shape 


‘mations near $°C. The rationale for considering 
this class of phase transformation is that we can 
have a negative bulk modulus K’in a constrained 
yet sll have stability. Constraint by 
the matrix restrains the transfonnation over 
range of temperatures. Inclusions were, by design, 
sufficiently large to contain many domains below 
Tq The bulk modulus of a material affects its 
stiffness in bending but not in torsion, because 
bending entails a local volume change. 
Polyerystalline BaTiO, was fragmented and 
sieved to achieve a particle-size distribution be= 
tween 210 and 180 jum, Domains in such mate 
rials can be smaller than 1 yam. Some particles 
were plated with nickel to improve their interfvce 
quality. Composites were fabricated usin plated 
‘or unplated particles of the same pre-plated sizes. 
Dispersion of paicle inclusions was achieved 
through an ultrasonic casting technique (/7). Spe- 
cimens (/8) were sectioned from ingots, by means 
of a low-speed diamond ssi, into. rectangular 


Fig. 1. Landau energy function 


(18) of strain © and normalized 
temperature Ty = (cy/f¥*X7 ~ Ty) ~ 
0.25, with unit cells of BaTiO, in 


‘aubic and tetragonal phases. a, 7, 
and [i are constants that depend 
‘on the material, 
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‘ross sections, typically 2 mm * 2 mm * 3.5 em, 
‘or they Were cut into cylinders with diameters of 
26 mm and lengths of 3 em, by means of a wire 
cloctri-discharge milling machine. Digital optical 
micrographs of polished composite specimens 
were taken. Specimens were tested in bending 
‘by means of broadband viscoelastic spectmscopy 
(79), This instrument, which is capable of is0- 
thermal intemal fiction studies over 11 onders of 
magnitude in fiequency, was modified 10 allow 
‘operation up to 300°C and to detect spontancous 
strain exceeding 10°. The viscoelastic response 
was measured at 100 Hin bending, which is well 
below any natural frequency. Torque was applied 
celectromagnetically, and deformation was: mea- 
sured by a laser method. Temperature was moni- 
toned with a thermocouple in the air Now within 
| mm of the specimen, so as to avoid interference 
With viscoelastic measurement. Heating and 
cooling rates were 005 10 0.5°C%s. The procedure 
is typical of viscoelastic studies of materials, 
including those that undergo transformation 

Of the 13 specimens with plated inclusions, 
all exhibited an anomalous vise 
in bending. Ananomalous response | 
4a change in modulus or damping that is larger 
than could be accounted for by composite theory 
(20), assuming & positive inclusion modulus of 
ity value between zero and infinity. Three spec- 
mens exhibited large anomalies and three 
‘exhibited a Young's modulus (2, absolute val 
tue of the comple viscoelastic modulus) greater 
than that of diamond, Because all materials 
exhibit some damping. any messured modulus 
is viscoclastic modulus. Of the 1S specimens 
\With unpated inclusions, 11 exhibited an anom- 
‘lous response, and 1 exhibited a Young's mod- 
Uulus greater than that of diamond. [is theorized 
that the degree of the anomalous response de 
pends on the quality of the inclusion matrix 
interfuce. No anomalous behavior was observed 
in torsion, The microstructure of a specimen 
from the later series, with inclusions measuring 
10% by volume, is shown in Fig. 2. Modulus 
and damping (tan 8, with & representing the 


Fig. 2. Cross section of composite specimen in 
polarized light. BaTiO, inclusions appear as black 
spots. The polycrystalline structure of the tin 
matrix is shown in grayscale. Scale bar, 500 jm. 
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phase between stressand strain) ofthis specimen 
are shown in Fig, 3. Given the modest dampins 
the magnitude of the modulus E* exceeds the 
real part £” by only about 2%. Young's modulus 
exceeds that of diamond overa narrow range of 
temperatures. Transient negative viscoelastic 
damping (tan 8) indicates the release of stored 
‘energy from the inclusions. Although they are 
these materials are not expected to be un- 
usually strong or hard. Negative specific heat was 
‘observed in those specimens that exhibited the 
largest mechanical effects (18). This behavior is 
consistent with the negative bulk moduli of the 
inclusions because the thooretical specific heat 
depends on the constituent bulk moduli (21). 
The behavior ofall composites changed with 
thermal cycling, as was abso observed in com 
posites (76) with VO> inclusions: peaks tended 
to shift to higher temperatures and to attenuate 
With eyeling. Composites with plated inchisions 
‘maintained their behavior overa greater number 


REPORTS. [ 


of cycles than did materials in which the in- 
clusions were not plated, The inchusion/matrix 
interface is therefore clearly important in deter- 
‘mining the behavior of the composites. Extreme 
clastic anomalies were observed for as many as 
five cycles in a particular specimen, Composite 
analysis (/3) shows that macroscopic strain can 
bbe magnified locally by several orders of mag- 
nitude inthe vicinity of the inclusions durin 
phase transformation, The macroscopic strain 
amplitude (less than 4 = 10°® in these experi- 
ments) can therefore give rise to a local strain 


This amplified local strain can a 
cycle dependence that could be ameliorated by 


using a stronger matrix, 

Broad peaks in damping (tan 8) were also 
observed, as shown in Fig. 4. Even modest ef 
fects in these composites are notable becuse for 
a dilute particulate morphology, composite prop 
sates are known (14, 20) t0 be relatively insen= 


Fig. 3. Young's mod- 10000) 
ulus 1*l and viscoelastic 
damping tan & of the 
composite in Fig. 2, 
showing extremely high 
modulus over a range of 
temperatures. 5 % the 
phase angle between 
stress and strain, Young's 
‘moduli of the constitu: 
‘ents are BaTiQs, 100 
GPa; and tin, 50 GPa. 
Error bars (4%, smaller 
than data point) in the 
low-modulus regime are 


‘Young's modulus 1E%1 (GPa) 
= 


‘Young's modulus 1€*t 
Cycle 2 025 
‘Young's Modulus of diamond baa 
m i 


dominated by regularity 

inthe specimen diameter -0.08 

and in the high-moduls 

regime are dominated by 10 “01 

digital resolution of the a ee a 
‘Temperature (°C) 


lock-in amplifier. Erors 
in tan 6, ~0.001, are smaller than the data points. 


Fig. 4. Broad peaks in 
‘Young's modulus and vis- 
<oelastc damping (tan 8) 
‘of a composite similar 
to that in Fig. 2. Eo 
the normalizing mod- 
ulus, which has a value 
of 30 GPa. 
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sitive to inclusion properties when they have a 
Positive modulus. For example, with a 10% con- 
centration of particles, the composite modulus 
'E* due to infinitely stiff inclusions is prodicied 
to increase by 22% as compared with that of the 
pure matrix, The composite damping duc to 
inclusions with a peak damping tan 8 = 0.06, 
comesponding to bulk BaTiOy, is predicted to be 
‘only 6% greater than that of the matrix. The damp- 
ing peaks shown in Fig. 4 (S'% inclusion concen- 
tration) correspond to a factor of 2 increase as 
‘compared with pure tin (ao shown), $0, a with 
the above giant anomalies in the modulus, nevatine 
compressibility ofthe inclusions is infer 

‘The present extremestittness results are based 
‘on negative compressibility (inverse bulk: mediulas 
XK, resistance to volume change) of inclusions, in 
‘contrast to the negative shear modulus G (resistane: 
to shape change) in earlier Sn-VO, ccmposites 5) 
that exhibited lange damping but modest (3%) 
anomalies in the modulus, These three-dimensional 
aspects of deformation govem the stability ant 
properties of materials. Positive values of G and K 
ive rise 0 a positivedetinite sirin energy and 
rence tothe stability of an object with fee surfaces 
‘and no constraint, This corresponds fo the usual 
allowable range of Poison's ratio v, 1 <v < 05, 
allowing a negative Poison's ratio in isotropic 
solids (5). Forthe less restrictive condition of strong 

icity, which entails eal positive velocities of 
shear and longitudinal waves, G> Oand -4G3 
<n, \ strongly elliptic solid constrained at the 
surface is incrementally stable (22) and has a 


Unique elasticity solution (23), so arange of nega 
tive bulk moduli is allowed. A material with nez- 
ative shear modulus G is unstable with respect 10 
<doxnain formation. Surface encmzy limits how small 
domain can be, so a sulickntly small erystal can 
bea single domain and can operate as a nezative- 
stitnes inclusion, as was the ease in Sn-VO3 com- 
Posites. There is no such inclusion size limitation 
associated with a negative bulk modulus. An ine 
‘clusion in a composite is under partial constraint. 

Diamond has long been considered to have 
maximal properties such as stiffness and. hand- 
ness. The achievement of substantially greater 
stiffness illustrates the importance of composites 
With negative-tiffness inclusions. These com 
posites have potential in high-performance ma- 
terials in which high stiffness or high dissipation 
are of use. They may occur naturally in rocks 
and play a role in deep-focus earthquakes. 
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Coupling Coherence Distinguishes 
Structure Sensitivity in Protein 


Electron Transfer 


Tatiana R, Prytkova, Igor V. Kurnikoy,* David N. Beratant 


Quantum mechanical analysis of electron tunneling in nine thermally fluctuating cytochrome Dsax 
derivatives reveals two distinct protein-mediated coupling limits. A structure-insensitive regime arises 
for redox partners coupled through dynamically averaged multiple-coupling pathways (in seven of the 
nine derivatives) where heme-edge coupling leads to the multiple-pathway regime. A structure- 
‘dependent limit governs redox partners coupled through a dominant pathway (in two of the nine 
derivatives) where axial-ligand coupling generates the single-pathway limit and slower rates. This two- 
regime paradigm provides a unified description of electron transfer rates in 26 ruthenium-modified 
heme and blue-copper proteins, as well as in numerous photosynthetic proteins. 


biological pathways depen! on the 
facilitation of electron transfer (ET) pro 
cesses by proveins (1/4), Atthe simplest 


level, this acacleration in rate can be exphined by 
empirical models that omit the details of protein 
strcture and describe te fact that protcins lower the 
barrier to clectron tunneling by about 3 eV relative 
to that of vacuum tunneling (7, 14). However, ET 
rates can be slower or fier in diflerent protcins, 
despite the electron’s traveling a simibir distance 
between donors and aceeptors (Roa) (1-3). These 
rate diflerences can arise because tunneling is faster 


through covalent bonds than through weak or 
nonbonded contacts (7), and the composition of 
the coupling medium betwen danor and acceptor 
varies with the primary, secondary, and tertiary 
stiycture of the protein (J. 2, 10). 

The simplest model that accounts for such 
structural effects on ET rates isthe pathway model 
(JO), which identifies the most facile coupling 
routes between the donor and acceptor. Packing- 
density models analyze atom density between the 
donor and acceptor. The predictions of the pathway 
and packing-density models are nearly the same 


(4, 15), Nonetheless, there are many examples 
‘where an even simpler exponential model (14) 

ser & exp! Dba a 
where hyris the ET rate and fb isan exponential 
decay constant, can aceount for the observed ET 
rates without including three-dimensional details 
of protein structure. 

‘The limits of validity for these simple tunnel- 
ing models have been poorly understood, and 
understanding has been further hampered by the 
lock of sufficiently detailed data sets on ET rates 
for the same protein that would allow for 
‘meaningfil comparisons; in comparing ET rates 
between different proteins, i is dificult to separate 
the electrontunneting factors from the nuclear 
factors, or Marcus factors (/6), that arise in the 
ET theory (/, 2). We have now analyzed a recent 
set of tunneling-limited ET rates obiained by 
Winkler and Gray for a Ru-moditied heme pro- 
tein [cytochrome (cyt) bsg3}- The exponential 
distance-decay model accounts for some but not 
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all ofthe observed rate dependences (J7, 18). We 
provide an explanation for the different rate 
behaviors in this protein, which ean also account 
for ET kinetic data in other Rusmodifed heme 
proteins (including eyt © and myoxlobin) 

Here, we argue that some protein structures 
generate exponential decay of coupling with 
distance (as if the proteins were structurcless 
tunneling barriers) by dynamically averay 
rnutiple-coupling pathways, Other protein struc- 
tues, in contrast, tain pathway-speeific cou 


pling characteristics that may be very different 
from the “average” protein coupling for th: 
Roa value. We explain why the protein-media 


coupling falls either in the pathway or average 
barrier regime, and we also find that a simple 
metric--the coupling coherence parameter 
(19)—provides a reliable indicator of the coupling 
mechanism, We restrict our discussion to unimo= 
Jecular ET between sites within a protein, although 
interprotein ET appears to be even more sensitive 
to structure than unimolecular ETT (//, 12) 
We briefly review the two structured-protein 
models (/, 10), The pathway model predicts 


fer = {TLD 


ew ty-nya) a) 


where I represents a product, e™™! ~0.6 and 
pre’ 1 A! are decay parameters associated 
With the domint-coupling route from done to 
acceptor through a combination of bond and 
nonbonded contacts, 1 is the length of each 
Uough-spuce contact, and ry is LAA. The 
puthivay-based rate is well approximated. by 
cans of an atomic packing-density model, 5) 


fer & exp) PP Roy 


pec 


x exp| rm \Ron’ 


Fig. 2. Electronic couplings versus 
time. (A) His”? (C = 0.5), dominant- 
‘coupling pathway regime; (B) His™ (C= 
(0.6), dominant-coupling pathway re- 
gime; (C) His’? (C= 4 x 10°”), multiple- 
pathway mechanism. Note the frequent 
sign flips in (which are consistent 
with a multiple-pathway mechanism. In 
(A) arid (B), (Hoa) differs by only about 
a factor of two from (H3,). Geometry 
‘snapshots were captured each 1 ps and 
input to the extended-Hickel coupling 
‘calculations. 


Hoa evyio” > 
eseseses 


here the fb parameters describe tunneling decay 
through bond or space, and 1 — is the 
fraction of space between the donor and acceptor 
that is filled with atoms (4). The pathway and 
packing-density rates (Eqs. 2 and 3) include 
‘explicit information about the protein fold tha is 
not included in the simple exponential model 
(Square-barier tunneling model), which uses a 
ted fi valu. Fully quantum treatments 
together contributions to the tunneling rate 
that arise from the multiplicity of donor-acceptor 
(D-A) pathways that couple donor to acceptor 
(J, 2). In conformationally flexible systems, the 
rican square (cnsemble-averaged) D-A coupling 
(Hq) determines the rate (20 


her © (HBq) 4) 
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Here, we examine the tunneling-timited ET 
kinetics for Rusmoditied eyt bso (Fi. 1A) (18 
cach derivative explores the tunneling-mediation 
characteristics of a distinct protein region. All hut 
two of these nies fit a simple squane-hartier tun- 
neling model (Fig. 1B), Two rates fll 160 odors 
‘off magnitude below the square-barricr (exponential 
distance-decay) model for tunneling in this protein, 
‘The ET kinetics in eyt bygg mirrors previous ob- 
€ Jone 0 
nited rates is two onders of magnitude 
below an exponential fit 7) and in myoglobin 
fone of three tunncling-limited rates is orders of 
‘magnitude slower than expected based on distance 
analysis (17). Cyt e data appear in fi. St 

We first used a previously developet 


ab initio 


Has Fxk ha op ET 
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Pen ea 
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Distance (A) 
Fig. 1. (A) Ribbon diagram indicating the posi- 


tions of the nine Rurmodified His sites on cyt 
bea. (B) Experimentally measured tunneting- 
limited ET rates for each of these nine cyt bsox 
derivatives (18). The His!” and His”? derivatives 
have anomalously slow rates that fall well below 
‘an average exponential (quare-bartier tun- 
reting) model, which are fit here with a decay 
constant of 1.3 A 


Hoalevyio”” 
See se 8 
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yt bag systems (23, 24), The correlation between 
computed and observed ET rates appears in fig. 
S2. Except for the longestistance derivative 
(His), the measured and computed rates agree 
\within a factor of four. This order of magnitude 
‘agreement, including a satisticiory description of 
theanomalously slow ET kinetics in the His! and 
His” derivatives, indicates that theory describes 
the essential aspects of ET kinetics in these 
complex. systems, The computations include 
‘protein conformational averaging, solvation, and 
averaging of couplings over multiple ligand-fickd 
sates with the use of methods described previ- 
‘ously (23), The calculations explicitly include 
rutiple-pathway interferences, without making 
‘empirical assumptions that an associated with 
domninant pathways or packing density. 

‘Wenow examine the physical origin ofthe 10 
slow ET rates, as well asthe simple (exponential) 
distance dependence for the other seven deriva 
tives. To perform this analysis, we eompused D-A 
imeractions for protein structure shapshots taken 
fiom classical molecular dynamics (MD) trajesto- 
ries, Because the number of calculations: noedat 
for this analysis is large, we used an extended 
{iickel Hamiltonian, ExtendedstGckel analysis 
‘of D-A interactions in proteins has been used 
successfully in previous studies of Stuchebrukhow 
and Marcus (25), Kakitani (26), Onuchic (6), and 
‘others. Our analysis assumes. metab-localized 
states to deseribe the Fe’? + Ru!” ET (7). 


o 


His73 


Fig. 3. Pruned protein media [5% cutoff criterion 
(23) for His” (average-medium or multiple-pathwray 
regime, small C parameter) and His’? (single- 
pathway regime, large C parameter). Both proteins 
hhave ET distances of ~20 A metalto-metal. The 
strongest single pathways are noted with solid and 
‘dashed lines, Spheres are shown on atoms included 
fn the quantum tunneling analysis (23). 


The string of computed coupling interactions 
allows us to calculate the Balsbin-Onuchic 
coherence parameter, C= (Hpa)*/(H3q) U9). 
forthe ruthenated proteins. We expect Cio be very 
small when numerous interfering coupling path- 
ways contribute to the D-A interaction. In this 
Timit, only average characteristics of the protein 
fold determine the ET rate. In contrast, when C is 
ear unity, a dominant-coupling pathway mediates 
tunneling, and the observed rate is characteristic 
‘only of that pathway’s structure. Indeed, the His! 
and His” derivatives of cyt bseo have C parameters, 
(0F 0.6 and 0S, respectively, whereas all other de- 
rivatives have C vals of 0.1 les (table S2). 
Coupling values along 100-ps MD trajctories 
foe Ho, ts. ae 1” gpor nF 2 The 
coupling values along the MD trajectory for the 
His? (C= 0.5) and His!? (C = 0.6) derivatives, 
rarely change sign (Fig. 2. A and B), which is 
charsctertic of the dominant pathway regime. 
The His” derivative (C= 4 * 10) has a coupling 
Value that Muetuates about zero and a-mean 
‘coupling value squared ((//p,)?) that is orders of 
magnitude smaller than the mean squared coupling 
valu (3). Ths snall Cregime is characteristic 
‘of muhiple interfering coupling pathways of 
comparable strength, so the (Hq) value is 
averaged over many pathways and is characteristic 
Of the overall protcin fold rather than ofa single 
dominart-coupling pathway. In contrast, coupling 
inthe lange C regime is determined by the structure 
‘of the dominant-coupling pathway 

‘What aspects of structure ina single protein can 
‘generate this substantial difference in mcchanism? 
Simple tunneling-pathway analysis of the cyt gs 
His? and His? derivatives provides the answer 
‘The two large parameter (dominant pathway) 
structures have coupling pathways linked 10 the 
heme through an axial figand, but seven other 
rivatives each have surface Ru complexes that 
are coupled electronically by multiple pathways to 
the heme edge. The tunneling-pathway analysis 
(fig. $3) reveals this aspect of protcin connectivity 

Because of the large size of the heme-cdge 
“tanget.” coupling into the heme edge in cyt bax 
zenerates multiple interfering pathways with 
mean squared values that reflect average cou 
pling characteristics of the many pathways. The 
axial-ligand pathway derivatives, in contrat, have 
42 smaller number of sizable coupling pathways 
Tending to the heme (Fig. 3), because coupling 
routes must proceed through one single metal 
ligand pathway bottleneck. In cyt bya. this 
‘connectivity gives rise to single-pathway (lange 
© value) mechanisms. Moveover, the axial 
ligand’s van der Waals volume apparently serves 
to minimize the presence of multiple coupling 
routes to the prophyrin ring face. This contrasts 
with the lange circumference heme-edge access 
provided by noncovalent interactions. In the case 
‘of cyt bags (and for other Ru proteins, as described 
‘below, pure axial pathways have large C values, 
(i. dominant pathways), ae poorly “wirad” to the 
heme, and produce slow tunneling-limited rates. 
1 appears that dynamical averaging over many 


coupling pathways operates in cyt bsgz for all 
hheme-cdge-coupled derivatives, producing sim- 
ple (exponential) decay with distance as described! 
by Eq. 1 

Is the observation of weak single-pathway 
(large C) axial coupling and strong. multple- 
pathway heme-edge coupling (small C) in cyt 
bo relevant to other Ru-modiied heme proteins 
and to native proteins? The one anomalously 
slow ET derivative in the Ru-eyt family isthe 
{lis derivative (fig, $1) (17), and the dominant- 
coupling pathway to the heme is routed via an 
‘axial ligand. The anomalously slow His? de 
rivative of the Ru-myoglobin family is also dom- 
insted by an axiaHfigand pathway. All “average” 
rates in eyt cand myoglobin (Le, those rates that fit 
‘well by a single exponential decay law) access 
‘multiple-coupling pathways, including heme- 
calge- coupled pathways. As such, our distinction 
between multple-pathway heme-dge- coupling 
routes and axial-tigand-dominated si 
coupling routes rai 
ously slow ET rate data among 20 ground-state 
Ru-modified heme proteins (3, 17). 

Our heme-protcin analysis indicates that expo 
ential distance dependence for protein ET rates 
ccurs in the small C mulipl-pathway regime, 
Because small C values have boen computed 
nonheme protsins as well, we ean futher explore 
the comelation between small C values and expo 
‘neta distance decay, Previous theoretical analysis 
of the blue-copper protein awarin indicates that all 
six Ru derivatives have very simill C values (27) 
‘which is consistent with the measured sin 
exponential decay of rates with distance in this 
‘prcecin forall derivatives (17). In avuin, the three 
sarong coupling routes to the copper othe pathway 
crosslinking by hydrogen bonds provide likely 
physical sources of average-medium behavior 
Although coberence parameter analysis remains 
tobe performed forthe Ru-modified high-potential 
iron protein (28), we expect thatthe anomalously 
slow Ru-Hlis™ derivative will also have a kane C 
associated with a weak domi 
pathway. Rates in all 26 nithensted myoglobi 
O16, ot ga, and azn derivatives are explained 
within the dichotomy of an average-medium 
tunneling (small C) model or a single-pathway 
tunneling (lange C) model. In Rusmodified heme 
Proteins, heme-edge coupling produces average- 
rmesium behavior, whereas axiabligand coupling 
ssenerates pathway-specific D-A interactions. 

Tunneling-timited ET rates in the photo- 
synthetic reaction center (PRC) follow an ex 
ponential distance-decay law (4). Preliminary 
analysis of coherence parameters in the PRC 
charge transfer reactions indicates values of 107 
or less, which are consistent with multiple edge- 
coupled pathways and average-edium behay- 
jor. We find simitar behavior in the DNA repair 
protcin photolyase, where ET couples two de- 
localized pi-clectron states (29), 

The accessibility of two coupling mechanisms 
seems essential for the analysis of evolutionary 
pressure on ET proteins. Earlier arguments 
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regarding pathway evolution had been made along 
‘wo lines. Simple (exponential) distance depen- 
dencies observed in the photosynthetic proteins 
Jed Moser, Dutton, and co-workers to sugzest that 
evolution manipulates ET rates using Rpg and 
Marcus (nuclear) parameters (4. Gray. Winkler, 
and co-workers, in contrast, argued that strong 
pathways have evolved to accelerate ET in some 
proteins (3), Indeed, the structure of common 
biological redox cofactors seems to permit ET 
Proteins to access both mediation regimes. 

We sugyest that, in the multiple-pathway 
regime, the evolutionary linkage between the spe- 
cific protein fold and the ET rate is likely 10 be 
‘weak: In this regime, Rox determines tunneling 
propensity, In the single-pathway lange C regime, 
however, ET kinetics and protein structure are 
strongly linked. Although the Ru proteins only 
splay slow rates in the dominant pathway regime, 
either strong or Weak coupling pathways could 
‘arise in the dominant pathway regime, generating 
‘onler of magnitude effects on the ET kinetics from 
protein structure, This structure-function per- 
spective extends the pathway-evolution con- 
jecture of Ramince et af. (5), by accounting for 
the influence of thermal motion on the protcin- 
mediated coupling, and also suggests that the 
Moser-Dutton (average-medium) view is valid in 
the multipe-pathway regime common to many 
large edge-coupled redox cofactors, Tunneling 
routes involving axial ligands seem 10 be the 
most likely candidate for kinetics that is sensitive 
to coupling pathway structure fe. the heme a to 
heme ay pathways in eyt © oxidase (5, 6)), How 
‘oflen and where nature has used! pathway-specific 


or multiple-pathway regimes remain to be deter- 
mined by future analysis and experiments. Also, 
in the small C regime, proteins will have ET ki- 
netics that are robust to modifications of single- 
pathway links (ez. by manipulating hydrogen 
bonding), whereas pathway structural changes in 
the large Cregime may have a larger influence on, 
ET kinetics (30-32). 
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Thymine Dimerization in DNA 
Is an Ultrafast Photoreaction 


Wolfgang J. Sch 


‘Wolfgang Zinth,** Bern Kohler”* 


2 Tobias E. Schrader,” Florian . Koller,” Peter Gilch,? 
Carlos E. Crespo-Hernandez,” Vijay N. Swaminathan,” Thomas Carell,’ 


Femtosecond time-resolved infrared spectroscopy was used to study the formation of cyclobutane 
dimers in the all-thymine oligodeoxynucleotide (dT)xs by ultraviolet light at 272 nanometers. 
The appearance of marker bands in the time-resolved spectra indicates that the dimers are fully 
formed ~1 picosecond after ultraviolet excitation. The ultrafast appearance of this mutagenic 
photolesion points to an excited-state reaction that is approximately barrierless for bases that are 
properly oriented at the instant of light absorption. The Low quantum yield of this photoreaction is 
proposed to result from infrequent conformational states in the unexcited polymer, revealing a 
strong link between conformation before light absorption and photodamage. 


the most abundant lesion in ultraviolet 

| (UV) iadiated DNA is the cyclobutane 
pyrimidine dimer (CPD) that is formed 
between adjacent thymine bases (Fig. 1) (7). This 
mutagenic photoproduct disrupts. the normal 
cellular processing of DNA and leads to a 
complex web of biological responses, including 
apoptosis, immune suppression, and carcinogen- 
esis (2-4). Organisms possess elaborate repair 
pathways to counter this constant threat to ge 


omic intewrity. Aside from their biological 
importance, CPDs are of interest as structural 
reporters. Thymine-dimer yields are not the same 
at all TT doublets in a given DNA sequence, but 
these yields depend, in poorly understood way 

‘on the identity of the flanking bases and on 
local conformation (J). By exposing DNA to 
UV fight and then measuring the relative pho- 
toproduct yields with single-nucleotide resolu- 
tion, it has been possible in favorable cases to 


cobiain structural information (S-7). In order 
for this methodology to achieve its full poten- 
tial, mokeculartevel understanding of the dix 
n is essential, We report a 
wymine dimerization that pro- 
0 the coupling between DNA 


vides insight 
structure and DNA photodamags 

CPD formation is a [2°2} photocycloaddi- 
tion reaction in which the carbon-carbon double 
bonds of proximal pyrimidine bases react to 


form a cyclobutane ring, In the analogous reac- 
tion between two ethylene molecules, electronic 
excitation and the proper orientation of the 
reacting double bonds are needed for the reac 
tion to occur (8). Unlike the case of free ethyl: 
ene molecules, pyrimidine bases in DNA are 
tethered to the sugar-phosphate backbone, and 
this tethering restricts the achievable orienta 
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tions. Some conformations are simply impossi- 
ble because of backbone constraints. Thus, a 
single CPD isomer (the cis-syn isomer shown in 
Fig. 1) is formed in UVsiradiated oligo- and poly 
‘nucleotides, whereas two thymine molecules 
diffusing fively in aqueous solution yiek all six 
stereoisomers (J), Because DNA is moderately 
flexible, a vast number of conformations exist. 
Some of these have the bases pasitioned favor- 
ably fora reaction, whereas others do not. DNA. 
is highly dynamic, and motions such asthe stack- 
ing and unstacking of bases, base-pair breath- 
and opening, torsional ascillations, and helix 
bending will incessantly bring a given bipyrimi- 
dine doublet into and out of favorable zeome- 
tries for dimerization, The impact of these 
motions on the reaction Kinetics depends on 
how their rates compare to the rate of reaction 
by favorably oriented bases (9). Direct kinetic 
measurements of dimerization cant thus elucidate 
the potentially complex interactions between 
conformational dynamies and photodamage.. 

In an excited-state reaction, motion along the 
reaction coordinate occurs in competition with 
‘energy-wasting steps such as Muorescence and 
internal conversion to the electronic ground 
state, In the past few years, it has become pos- 
sible to directly observe the dynamics of excited 
lectionic states in DNA model compounds by 
femtosecond spectroscopy (10, 17), It has been 
proposed that the very high rate of nonradiative 
decay by the singlet e* ('rx*) states of sin- 
ile nucleobases can greatly restrict photodam- 
‘age (/0), However, revent work has revealed the 
presence of additional, rather long-lived singlet 
states in DNA (//) and singh bases (12). In ig 
deaxynucleotides, lifetimes of <1 ps to >100 ps 
have been observed, depending on base stacking 
and base sequence (17). Additionally, at least 
10% of all singlet excitations in single pyrimi- 


Fig. 1. Schematic of the 
photodynamic of the DNA 
‘oligomer (dDas. The DNA's 
‘sugar-phosphate backbone 
is shown as a gray ribbon 
jin the partial structures. 
UV excitation populates a 
singlet rn* state. This state 
decays overwhelmingly via 
internal conversion (10) to 
the So ground state, To a 
smaller extent, the pop- 
tulation of the rr* state 
branches to a singlet nn* 
state. Intersystem crossing 
to a triplet state has been 
detected in thymine but 
rot in polymeric DNA. Fr 
nally, the n* state can 
decay to a dimer photo- 
product (middle residues 
with new bonds shown in 
red) if a reactive conforma- 
tion is present at the time 
of excitation, 


dine bases such as thymidine S-monophosphate 
(TMP) decay to singlet nx* ('n*) excited states 
with lifetimes in exeess of 10 ps (17). Kinetic 
measurements can determine which of these di- 
vers excited states is the dimer precursor. 

Past efforts to observe dimerization kinetics 
have been unsuccessful. It has been shown by 
flash photolysis that photodimers are formed in 
the all-hymine oligadcoxynucleotide (AT)3p in 
<200 ns, the time resolution of the laser system 
that was used (/3). Femioscoond transient elec- 
tronic spectroscopy (/7) has not provided dincet 
‘evidence for dimer formation because CPDs do 
not absorb at wavelengths longer than ~270 nm. 
Because of its chemical bond specificity, vi- 
bbrational spectroscopy can ofien unambiguously 
identify transient species and stable photo- 
products (/4). We therefore recorded time- 
resolved infrared spectra of a DNA model 
‘compound that was excited by a femtosccond 
UV pump pulse (75). The system studied was 
single-stranded (AT)» which was chosen in 
fonder to maximize the number of dimers that 
were formed with cach laser pulse. In this DNA 
model system, every absorbed photon excites a 
residue that is capable of dimerization. Quan- 
tum yiekds in the closely related systems poly(dT) 
(0.033) (16) and (To (0.028) (13) are among 
the highest reported for any DNA compound, In 
contrast, the dimerization quantum yield is over 
30 times lower in double-stranded genomic DNA 
(7. This lange reduction is dive 10 the ow fre= 
quency of TT doublets and the absomtion by 
nionthymine bases in mixed-sequence DNA. 
After presenting our results for (AT). We will 
discuss the implications for double-stranded nu 
cleic acids 

‘Steady-state infared (IR) absorption spectra 
of (dThis in DO were recorded before and 
after UV irradiation at 266 nm, in order to to- 


cate IR marker bands that were indicative of 
dimerization. In the spectrum obtained before 
UV irradiation (black curve in Fi 
strong bands were observed at 163: 
1693 cm’', These bands, whi 
double-bond stretches associ 
carbonyl groups and the C: 


arise from 
sd with the two 
"6 double bond 
(28), bleached strongly after several minutes 


of UV exposure (Fig. 2A), Difference spe 
were calculated by subtracting the steady-state 
IR spectrum from each spectrum of the UV- 
inadiatod oligomer (Fig, 2B), Negative bleach- 
ing signals were apparent in the double-bond 
stretching region above 1600 cm”', In addition, 
positive peaks between 1300 and 1500 an 

grew in with increasing exposure time, The IR 
albsomption spectrum of the photoproduct (solid 
2C) was obtained fiom the differ= 
ence spectra in Fig, 2B by target analysis (/9), 
assuming that a single photoproduet is formed 
In fact, a pyrimidine (6-4) pyrimidone photo 
ackluct is also generated at TT doublets, but it 


1800 


1600 1400 
Wavenumber (om-1) 


Fig. 2. (A) IR absorption spectra of (Typ (partial 
structure shown at right; Me, methy) in D2O after 
exposure to UV laser pulses at 266 nm for the 
times indicated. (B) Difference IR spectra from 
the data in (A). (C) IR absorption spectrum of 
the photoproduct obtained from the data in (B) 
by target analysis (solid curve), showing three 
distinctive marker bands between 1300. and 
11500 cm". The IR absorption spectrum of (45 
before UV irradiation is shown for comparison 
(dashed curve). (D) Steady-state IR absorption 
spectrum of the cis-syn dimer model compound 
jn 20 (structure shown at right). 
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can be neglected because its quantum yield is 
50 times lower in poly(dT) (20). The absorp- 
tion spectrum (Fig. 2D) of a previously de- 
scribed model compound of the cissyn thymine 
dimer (2/) is in excellent agreement with the 
solid trace in Fig. 2C, showing that this is the 
‘only dominant photoproduct under these con- 
ditions. Bands in the dimer spectrum substan- 
tilly overlap those of unirradiated (Thy above 
1500 em, In contrast, a tio of marker bands is 
evident at 1320, 1402, and 1465 cm (Fig. 20), 
and these bands became the focus of the time- 
resolved experiments. 

Broadband IR transit absoxption signals were 
recorded between 1300 and 1580 em aller 
excitation of (Tx by a Kemtesccond pump pulse 
at 272 nm (/5), For comparison, measurements 
‘were carried out on TMP, which cannot dimerize 
‘ont the time scales of interest here because of the 
slow rate of diffusional encounter by two TMP 
mnokeuks, Transient spectra measured for both 


TP 
1400, 


(The 


1500 1500 _ 1400 


1500 


740016001400 
‘Wavenumber (m1) 


Fig. 3. Transient IR difference spectra at the in- 
dicated times alter 272-nm excitation of TMP and 
(dD)ag in 0,0 solution in the photodimer marker- 
band region (typical errors are ~10 00). Positive 
bands are shaded red, whereas negative signals 
are shaded blue. The green and purple curves at 
the top show the inverted steady-state IR spectra 
‘of each solute, Strong bands are indicated by the 
vertical dashed gray lines. The yellow dashed 
‘curve in the 3500-ps spectrum of TMP represents 
the steady-state difference IR spectrum obtained 
by raising the temperature of neat D20 (see SOND. 
‘Alter ultrafast internal conversion of the excited 
molecules, the transient spectra are dominated by 
the cooling dynamics of the hot ground states 
‘on a time scale of several picoseconds. Transient 
spectra at later delay times show the broad sig- 
nature of the heated solvent. The residual bleach 
seen for TMP at 3 ns is assigned mainly to inter- 
system crossing to a triplet state [estimated quan- 
tum yield <0.02 (2)]. For (dTlas, one can see 
additional absorption due to the presence of 
thymine dimers. 


solutes are compared side-by-side in Fig 3. 
Negative absorbance changes (bleaches) are 
colored blue, whereas positive signals are red. 
The bleaches monitor the repopulation of the 
starting material, whereas positive signals arise 
from the vibrational bands of excited states or 
photoproducts. At first glance, the transient IR 
spectra of TMP and (dT)yg are very similar 
‘The quantum yield for dimerization in (dT) 
is just 2 to 3%, and most excitations in both 
systems decay nonradiatively on similar time 
seakes (11). 

Dynamic events revealed by the time-resolved 
spectra in Fig. 3 that are common to both solutes 
are discussed fit. Initially, UV excitation pop- 
ulates the lowest-energy 'me* state, ressling in 
bleaches at frequencies comesponding to ground- 
state vibrations (dashed gray fines in Fig. 3), 
These bleaches have their maximum amplitudes 
near time zero, as seen in the spectra recorded 
O48 ps after the pump pulse. Positive signals 
are seen at this time at all frequencies: where 
bleaching is not observed. These broad bands 
decay with a fifetime close to that of the 'nx* 
state [S40 f& for thymidine (/0)} and are no 
Jonger present in the 3.3-ps spectra. The short 
lifetime of this state is limited by internal con- 
version, which moves the popula 
tively fiom the 'ex* state to the vibrationally 
excited electronic ground state. The photon en- 
cengy i thus converted into suxiden vibrational 
heating. This produces positive bands on the red 
alge of the negative bleach signals. resulting in 
distinctive sigmoidal fine shapes (22) such as the 
fone seen near 1480 em in the 3.3-ps spectra, 
These features disappear by vibrational energy 
transfer tothe solvent (vibrational cooling), with 
a time constant of 2 to 4 ps (U1, 14, and are m0 
longer visible at 20 ps. 

The bleach near the maximum of each vie 
‘brational mode recovers. in_multiexponential 
fashion with similar kinetics as these that were 
previously recorded by transient absomption sig 
nals at UV wavelengths (17). The decay is 88 
to 90% complete within 10 ps, whereas the 
remainder of the bleach recovers with time 
constants that vary between 100 and 1000 ps 
because of the decay of the 'nx* population 
(12). A broad positive band near 1350 ont 
cays on a 100-8 time scale and i tentatively 
assigned to this 'nx* state. The spectra at 3 ns 
(Fig. 3) are dominated by a broad sigmoidal line 
shape, extending from 1300 to 1800 cm ', This 
distinctive signature arises ffom a. temperature- 
jump effet, which is described in the supporting 
‘online material (SOM) in more detail. The bot- 
water contribution to the transient spectrum 
appears within a few picoscconds, but it then 
reamains constant in our time window because of 
slow heat transport out of the laser focus (23), 

There are subtle but significant differences 
between the time-resolved IR spectra in Fig. 3 
Greater modulation in the 20-ps and 3.5-ns spec- 
tra for (dTas is due to absomption in the 
merat each of the three marker-band frequencies 
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that are identified in Fig. 2C. The difference is 
readily seen in a comparison of the transient 
spectra that are recorded for the two samples at 
a 3ans delay time in the top panel of Fig, 4, 
‘The water-heating signal is approximately the 
same for both samples because of the similar 
extent of ultrafast nonradiative decay. This sig- 
nal can therefore be removed by subtracting 
the transient spectrum for TMP from the spec- 
trum that was reconded at the same delay time 
for (4Tyy. Difference spectra constructed in 
this manner are shown by the blue curves in 
Fig. 4A and as a contour plot between 1 and 
25 ps in Fig. 4B. The subtraction procedure is 
discussed at length in the SOM. 

The red trace in Fig. 4A is the difference 
spectrum calculated by subtracting the ground= 
slate absorption spectrum of (dT)y¢ fiom the 
dimer spectrum of Fig. 2C. This trace represents 
the expected absorption changes induced by 
dimer formation, The transient difference spec- 
tra at 1S psand 3 ns show positive peaks at each 
of the dimer marker-band frequencies and con- 
tributions fiom ground-state bleaching, The ex- 
cellent agreement with the stationary spectrum 
shows unequivocally that thymine dimers are 
present ~15 ps afler excitation, 

‘The dynamics of the marker bands at earlier 
times can be seen in a contour plot of the tran- 
sient difference spectrum between 1 and 25 ps 
(Fig. 4B). The positive marker bands at 1402 
and 1320 cm’! are clearly visible over the entire 
time range. The marker band at 1465 em! is 
visible down to 4 ps, but it is obscured by vie 
tational cooling of hot thymine molecules at 
carlier delay times, Because TMP and (UT) 
exhibit different evoting dynamics (7), the vie 
botional cooling signatures do not fully cancel 
each other and instead show up in the differ 
cence plot in the vicinity of intense ground-state 
hands. Thus, the cooling dynamies fom the 
hot 1480 cm" band (Fig. 3) cover the L465 
em’ marker band at carly delay times. Cook 
ing is also seen at other wavenumbers during 
the first few picoseconds round 1350 
amt, For delay times <1 ps, the signals are 
dominated by ultrafast relaxation of the elec 
tonically excited state, which obscures direct 
observation of dimer formation at the shortest 
times. Nevertheless, the observation of the di- 
mer marker bands Ips afler light absoxption 
indicates that the reaction occurs on a femito- 
sevond time scale 

The dimer yield can be estimated from the 
average amplitude of the marker bands in Fig. 4 
of ~30 p-optical density (OD) units. This is 3% 
of the initial bleach of 1 mOD that was seen 
1 ps afler photoexcitation at 1480 cmv, This 


band has a cross section comparable to that of 


the three marker bands, so the reported dimer- 
ization yield of 2 to 3% (73, 24) should produc 
a signal of 20 t0 30 WOD, as observed. The 
dimer yield at ~1 ps thus equals the value from 
seady-stale experiments within experimental 
luncertainty, demonstrating that dimerization is 
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an ultrafast photoreaction. The high speed of 
this bond-forming reaction is noteworthy but not 
lunprecedented. Ultrafast reaction rates are seen 
for some bimolecular reactions when the reac 
tants are suitably preoriented (25), Also, the 
closely related intramolecular [22] photocy- 
cloaddition reaction of norbomadiene occurs 
the gas phase in <100 fS (26) 

‘The ultrafast time scale of thymine dimeri- 
zation suggests that an essentially. harrierless 
te initial Yox* state with the end 
‘This suggests that a conical intersection 
Ties along this path as in computational studies 
‘of other pericyelic photoreactions (N). Dimeri- 
zation in (dT) occurs more rapidly than many 
motions that could bring poorly oriented bases 
into a more favorable conformation for revetion, 
For example, base stacking and unstacking in 
thymine oligomers require tens of picosecond, 
according t a moleculardynamies stualy (27). 
Dimerization thus occurs only for thymine 
residues that are already in a reactive conforma 
tion at the instant of excitation (28, 29), Excited 
states of unfavorably oriented thymines. are 
‘quenched before a change of conformation can 
‘oceut, The extent of dimerization under steady- 
state iradiation thus depends on the faction of 
time that a given doublet spends in reactive ver- 
sus nonfeactive conformations, Control of CPD 
formation by ground-state structure is fully con 
sistent with the rapid saturation of CPD forma- 
tion in poly(U) and poly(aT) in a rigid glass at 
77 K as compared to room-temperature aqueous 
solution (20), This occurs because there is a 


74501400 
Wavenumber (an!) 


finite number of reactive conformations in the 
low-temperature polymer, but the polymer in 
room-temperature solution is able to thermally 
fluctuate, allowing new reactive conformations 
10 appear as exposure continues. 

Because the rate of reaction by favorably 
aligned thymines is much faster than the rate 
‘of conformational change, the quantum yiekd 
is equal tothe fraction of reactive conformations 
muhipticd by the probability that a reactive 
conformation dimesizes upon excitation (9), The 
Jaater quantity is unknown, but i is likely to ap- 
‘proach unity based on the high quantum yields 
of dimerization in molecular erystals of some 
pyrimidine bases (3/) and in dimers split 
rigid matrices (32). With this assumption, the 
{quantum yield for dimerization is simply the 
fraction of favorably oriented conformations, 
The low yields for all-hymine oligomers thus 
reveal that only a few percent of the TT doublets 
are favorably positioned for reaction at the time 
‘of excitation, This finding is consistent with 
the disordered structure of this rather flexible 
oligomer (33). 

Excited-state modeling is noedad to fully char 
acterize the reactive conformations, but son 
cometrical requirements are readily anticipatod, 
Base stacking, which has been discussed in the 
Pest as a nccessiry criterion for reaction G0), 
reduces the distance between C5°C6 bonds as 
‘compared to an unstacked geometry. However the 
dimer geometry suggests that a low value of the 
dihedral angle between the reacting double bonds 
may ako be important, The conformational 
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Fig. 4. Difference spectra formed by subtracting the transient spectra of TMP from those of (Ta. (A) 
The top panel shows the transient spectra of TMP and (dT), at 3 ns. Their difference is plotted below as 
the blue curve, together with a difference spectrum at 15 ps. The red curve at the bottom represents the 
stationary IR difference spectrum of (dT), (dashed curve in Fig. 20) and the dimer phatoproduct (solid 
‘curve in Fig. 20. It displays the absorption difference due to dimer formation. Vertical dashed gray lines 
indicate the position of the cyclobutane dimer marker bands. (B) Contour plot of the difference 
spectrum. Red and blue colors represent strong positive and negative differences, respectively. A time 
slice showing the difference spectrum at 15 ps (horizontal dashed line in bottom panel és shown in the 
top panel. Positive signals due to dimer formation are visible from ~1 ps onward for the bands at 1402 
and 1320 cm”, as indicated by the vertical dashed lines. Because vibrational cooling dynamics differ 
for (dT),g and TMP, incomplete subtraction in the spectral region around the 1480 cm- ground-state 
band obscures the 1465 cm photodimer band at early times. 


changes, such as partial helix unwinding and 
bending (34), that are observed near the site of a 
CPD are Tikely to be the same ones needed 10 
make a conformation favorable for reaction (7). 

We filly expect thymine dimerization to be 
‘ultrafast in double-stranded DNA, based on the 
speed of the reaction in single-stranded (dT)ys- 
Base pairing could affect the rates of nonreactive 
decay sleps such as intemal conversion by the 
precursor excited state, but we consider this to be 
unlikely, bocause recent time-resolved measure- 
ments show no effects due to base pairing on the 
dynamics of the excited states in AT-containing 
oligodcoxynucleotides (1/). We conclude that 
dimerization occurs with equal speed for bipyt- 
imidine doublets in single- and double-stranded 
contexts, provided that the TT geometry is similar 
for both contexts. Base pairing, on the other hand, 
Will greatly influence the quantum yiekls by alter= 
ing the distribution of conformations, The ste 
tures of flexible allthymine oligomers (27, 33) 
and double-stranded mixed-sequence DNA differ 
substantially, yet the quantum yields calculated 
er photon absorbed by a dimerizable thymine 
(sce SOM) are the same to within a factor of ~2 in 
wom-emperature aqueous solution (J7, 35). 
This means that a small percentage of TT dou 
bets react in double-stranded DNA, even though 
virtually all doublets are well stacked. We pro- 
pose that the winding of base pairs around the 
Dols axis [the average twist angle is 36° in the 
Baype DNA (B-DNA) conformation (36)] keeps 
the C5-Cé double bonds too fir apart In contrast, 
although base stacking in single-stranded thymine 
oligomers is rare, the more Nexible backbone does 
‘wot prevent these rare stacks from adopting eo 
firmitions that are suitable for dimerization. 

‘A comparison of the literature that describes 
dimer yields in nucleic acids with A-type and 
Baype double-helical structures supports. the 
hypothesis that dimerization in double-stranded 
DNA occurs a result of uncommon conforma 
tions, The rate of dimer formation is decreased 
by up to a factor of 2 when double-stranded 
DNA is switched fiom the B-type to the A-type 
conformation (37). Even larger protective effects 
have been observed at TT steps in hairpins with 
‘Adtype structure (38), The same base pairing is 
found in both structural classes, and the only 
difference is the distribution of accessible con- 
formations. This evidence establishes that the 
conformation controls the reactivity in duplex 
just as in single-stranded (UT). The aver 
age Wwist angle between successive base pairs 
differs in A-DNA by only a few degrees when 
compared to B-DNA, suggesting that the ideal 
geometries in both helices are nonreactive 
Instead, dimerization is proposed to take pl 
at TT steps that deviate in just the right way from 
the average duplex structure. Thus, the smaller 
amount of conformational variation in A-type 
‘versus Baype structures (36) explains the greater 
resistance of A-DNA to CPD formation, 

The model we have derived from our results 
implies that static TT conformation (7, 29), and 
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not conformational motions after photoexcita- 
tion (6, 39), determines the outcome of a reac- 
tion, Flexibility does not help an excitation at 
4 bipyrimidine doublet attain a better confor- 
mation within its lifetime, but a more flexible 
backbone can increase the fraction of reactive 
conformations that are present at the time of 
light absorption, With knowledge about the eon 
formational criteria that make reaction inevita- 
ble, molecular-dynamics simulation can be used 
to identily damage hot spots. 
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Single Photon-Induced Symmetry 
Breaking of Hz Dissociation 


F. Martin, J. Fernindez,® T. Havermeier,? L. Foucar,? Th. Weber,” K. Kreidi,? M. Schaffer,” 
L. Schmidt,? T, Jahnke,” 0, Jagutzki,” A. Czasch,? E. P. Benis,? T. Osipoy,* A. L. Landers,” 
‘A. Belkacem,* M. H. Prior, H. Schmidt-Bécking,” C. L. Cocke,* R. Dbrner?* 


Hz, the smallest and most abundant molecule in the universe, has a perfectly symmetric ground 
state. What does it take to break this symmetry? We found that the inversion symmetry can be 
broken by absorption of a linearly polarized photon, which itself has inversion symmetry. In 
particular, the emission of a photoelectron with subsequent dissociation of the remaining Ho" 
fragment shows no symmetry with respect to the ionic H* and neutral H atomic fragments. 

This lack of symmetry results from the entanglement between symmetric and antisymmetric Ha" 
states that és caused by autoionization. The mechanisms behind this symmetry breaking are general 


for all molecules. 


metries are essential building blocks 

S: ‘our physical, chemical, and biological 
wdels. For macroscopic objects, sym 
Imetries are always only approximate, By re- 
ducing the complexity in the microcosm, these 
symmetries often become strict. Thus, in any 
symmetric molecule, the ground state has a wellk 
defined parity. This property has far-reaching 
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consequences, such as truncation of rotational 
spectia or the existence of onho- and pari 
molecular isomers (J). One way to break the 
symmetry is isotopic substitution of one of the 
nuclei (2), In langer systems, symmetry breaking 
can also be achieved through selected. vibra- 
tional modes, such as asymmetric stretch, 
which lics at the origin of the Jahn-Teller and 
Rener-Teller effects (3). Alternatively, external 
fields can be used 1 favor a particular mo- 
lecular direction, a method that has recently 
bbeen used by Kling et al. (4) to induce asym- 
metric dissociation of the Hz” molecular ion 
into @ proton and a hydrogen atom. Herc, we 
show that, in dissociative ionization by” ab- 
sorption of a single photon 


hv th pst a 


symmetry breaking is possible even in the 
absence of an extemal fied, This is the smallest 
nd most fundamental molecular system for 
‘which such symmetry breaking is possible 

‘Symmetry operations in a molecule that 
a well-defined parity can change the sign o 
the ground state wave function (odd parity, or 
lungerade, states). However, all observables must 
be symmetric, because they are squares of 
‘wave functions or transition matrix. elements, 
To achieve left-right asymmetry in an observ 
able, the system must be put into a coherent 
superposition of gerade (2) (even) and un- 
xerade (u) (odd) molecular states, The relative 
phase between the two states can then lead 10 
a left or right localization of an electron. Di 
eet photoionization usually cannot induce this 
outcome, because the g and 1 states of the re 
iaining molecular jon have different energies. 
two ionization pathways are distin- 
azuishable by the electron enengy’ and hence the 
coherence is lost 

Figure 1A. shows the energy diagram for 
the Hz and Hy" molecules. The energy differs 
ence between the lowest g and u states in Ha", 
AEP (Is) and 7, "(2po,), respectively, is about 
17 eV in the Franck-Condon region of Hs. 
Thus, if Hy is directly ionized in a vertical tran- 
sition by a photon of energy fi, the photo- 
cciron will have an energy of about Ee hv 
16 eV when the remaining Hy" is in the g state 
whereas it will have E.= hy ~ 33 eV when the 
remaining H3" is in the repulsive w state, Both 
ionization paths are distinguishable by the 
energy (Fig. 1, Band C). Because in either 
path Hy” is in a state of well-defined parity, it 
manifests no memory of the direction toward 
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which the photoelectron is emitted. We show 
that such a memory becomes possible if in- 
direct pathways of ionization through doubly 
excited states are taken into account (Fig. 1, D 
and E). 

‘The quantum dynamics of the population 
and decay of doubly excited states presents an 
important and fundamental challenge to theory. 
‘The full foursbody problem must be tated en- 
tinely with quantum mechanics, without semi- 
classical approximations for the nuclear motion. 
Our ab initio calculation meets this challenge. 
In the accompanying kinematically complete 
experiment, we used cold target recoil ion 
momentum spectroscopy (COLTRIMS) (5, 6 


to provide the most detailed possible check of 


this theory, We calculated and measured the 
vector momenta of the proton and the ejected 
electron in coincidence, Because the dissocia- 
tion is rapid compared with molecular rotation, 
the direction of fragment ies with the 
molecular orientation at the instant of electron 
‘emission. Thus, measurements of the electron 
angular distribution afford data in the boxy-fived 
fame of the molecule, and asymmetry in the 
molecular dissociation can be observed with 
respect to the electron direction. 

Doubly excited states and their do 
rise to a mulitude of narrow structures, 


sive 


Fano resonances (7), in atomic photoionization 
spectra. These oscilltions in the cross-section 
are the result of interference between two indi 
tinguishable pathways through which the clec- 
‘ron can be ejected. The photon can expel an 
electron directly. or it can promote the atom to 
a doubly excited state, which then decays after 
aa delay caused by emission of one electron 
through autoionization. Because the final state 
in both of these pathways is the same, the am 
plitudes for cach pathway must be added coher 
cently, kading to either constructive or destructive 
interference. depending on the phase shift in- 
‘duced by the time delay. Doubly excited states 
have alo been seen (8-17) and predicted (12, 13) 
for molecules. However, because in. molkcules 
the excess photon energy can be distributed 
among intemal nuclear and electron degrees of 
freedom, the situation is much more complex 
than in atoms, and a clear-cut proof of the inter- 
ference effects is missing. 

We clearly demonstrate such imerference 
effgets and show that they cause symmetry 
breaking in dissociative photoionization. A first 
observation of asymmetric photockeetron emis 
sion from Hy has been reported in pioneering 
experiments by Lafosse et al, (4). In a different 
context, asymmetric electron emission has been 
‘observed in Os (/5) as the result of the decay of 


atomic oxygen after photodissociation of the O; 
molecule. In this case, the observed asymmetry 
thus does not strictly arise from a molecular de- 
say process. 

We used the framework of the dipole ap- 
proximation given in Dill’s formula (/6) to 
evaluate photoionization cross-sections that cor 
respond to leaving the residual molecular ion in 
a specific electronic state «, which is differential 
in (i) the photoelectron energy £, (ii) the photo- 
decton cm rection in the molecular 
frame, and (iii) the polarization direction with 
respect to the molecular axis, The transition 
matrix element involes the ground molecular 
state of energy Wy and the final molecular st 
of energy My, * € representing a molecular ion 
in the uy vibronic state (cither dissociative or 
nondissociative) and an emitted electron of 
enemy © Enemy conservation dictates. that 
Wye * hiv ~ Wy, + €, The two wave funetions 
were connected by the dipole operator and were 
evaluated, neglecting rotational effects, in the 
adiabatic approximation using the theory of 
‘Sanchez and Martin (/7). [See also equations 
42 and 60 of Martin (78), 

Briefly, the final state comes from a close- 
coupling calculation incorporating contributions 
from the Iwo lowest ionization threshokls of Hy 
PY, "Use,) and 72y"Qpay)}, the six lowest 


internuclear distance (a.u.) 


Fig. 1. Energy-level diagram and pathways to dissociative ionization. (A) 
Total energy of the Hz and Ha" systems as a function of internuclear distance 
(a.u,, atomic unis). Red and blue are the lowest two series of doubly excited 
states of H, with *T1, symmetry. At large internuclear distances, the Q, states 
dissociate into Hin = 1) + H(n = 2,...) and the Qz states into Hin = 

1), where n and / are, respectively, the principal and 


2,=D+Hin= 


nerve Setar) 
angular momentum quantum numbers of the state. 
‘pathways for dissociative ionization by absorption of one 33-eV photon. (B) 
Direct ionization leading to H,*(150,) (Eq. 2). (C) Direct ionization leading to 
H,*(2po,) (Eq. 3). (D) Resonant ionization through the lowest Q, doubly excited 
states leading to Hp" (1s0,) (Eq. 4). (E) Resonant ionization through the lowest 
Qe doubly excited states leading to H2"(1s0,) (Eq. 5) or to Ha"(2pc,) (Eq. 6). 


a Te BSE. SP 
ee 
(B to E) Semiclassical 
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doubly excited states of the Qy and Q2 series for 
both Yy" and [Hy symmetries, and the core- 
sponding vibrational and dissociative states. At 
Variance with dissociative states associated with 
bound electronic states, those associated with 
doubly excited states are the solutions of a com- 
plex nonlocal differential equation that includes 
the possibility of autoionization decay as the 
molecule dissociates. Therefore, the final state 
\wave function is not given simply by the product 
‘of an electronic and a nuclear wave Function but 
by a more complex form that accounts for inter 
ferences among the various electronic and nu- 
clear channels. The theory is fornally exact 
within the adiabatic and nonrotation approxima- 
tions provided that all electronic and nuckar 
differential equations ane solved exactly (18). 

Our computational methods used B-spline 
functions to obtain the electronic and vibra- 
tional wave functions and are similar to meth- 
‘ods successfully applied to a variety of other 
ssociation-ionization problems in H (3, 19, 20). 
B-spline functions have also, within the fixed- 
hhuclear approximation, led to the first numer= 
ical solution of the double photoionization of 
th 2), 

‘The experiments were perfonmed at bear 
fine 93.2 of the Advanced Light Source at 
Lawrence Berkeley National Laboratory. The 
monochromatized linearly polarized light fom 
the synchrotron was crossed with an internally 
cold and localized supersonic Hy and Dy gas 
jet. The ions and electrons were directed by 
‘4 combination of weak electric (20. Viem) ant 
parallel magnetic (10 G) fields onto two 
position-sensitive microchannel plate detectors 
With delay-tine position encoding (22). Vector 
momenta were calculited fiom the position of 
impact and the times of flight of eaeh particle 
The energies of both ions and eketwons. were 
measured. Electron, jon, and neutral fragment 
momenta ke, kp’ and Ay, respectively, are related 
bby momentum conservation: ky = (Kp hy) 
Because of the light electron mass, the electron 
momentum is about 2.5% of the heavy particle 
momentum, leading to a nearly back-to-back 
fragmentation of the proton and hydrogen atom, 
‘The energy deposited by the photon (iv) in 
‘excess ofthe threshold for dissociative ionization 
(8.1 eV. Eq. 1) is partitioned among the kinetic 
‘energy release (KER) of the heavy fimgments, 
the electron energy (E,), and intemal excitation 
energy (Eee) of the neutral liv = KER + Ee 
IRL eV ~ Eeyeh AS expected. the hydrogen 
‘atom is found only in the ground state (Eoxe 
(0) in the photon energy range that we exam- 
ined. The asympiote of the Ise and 2pa, curve 
in Fig. 1 comesponds to a proton and a hydro- 
‘gen atom in its ground state. Because both KER, 
and E, were measured for each event, enerey 
conservation couk! be used 10 very efficiently 
suppress. random background oF proton and 
‘electron pairs fiom residual water molecules in 
the chamber. The overall enerey resolution was 
between 100 meV and 0.5 eV, depending on the 


‘energy, and the angular resolution was about 5°. 
More detail on the COLTRIMS system can be 
found in Jahnke ef al. (23). 

For simplicity, we restrict our discussion 10 
an orientation of the molecule perpendicular to 
the polarization axis. This orientation select tran- 
sitions from the ground state of ©,” symmetry 
to excited states of Il, symmetry. Figure 2 
shows the KER distribution for the reaction in 
Eq. 1 asa function of the photon energy. Three 
areas with islands can be distinguished (1, 1 
and III in Fig. 2B); Regions I and tft can be 
populated by direct ionization, leaving Hs" in 
the 2pc, oF Isc, state, respectively. However, 
‘only the latter state contributes. substantially, 
because a direct dipole transition from the Hy 
ground state 1 the 2p continuum is very 
unlikely (/3). [Indced, it woul! be strictly 
forbidden in an independent electron picture, 
(1804)? = 2poyhr_| Thus, regions 1 and I 
cannot be reached ina single-step dircet 
photoionization, They are the fingerprint of a 
delayed emission of an Auger elsetron from Hy 
doubly excited states (either Qy or Q2). These 
Mates can cither dissociate as a result of the 
repulsive character of the corresponding poten: 
tial energy curve or decay by autoionization into 
the 2pay oF Iso states when such a decay is 
faster than the time required for an effective 
dissociation, 

We distinguished five diffrent pathways, all 
contributing 1 ionization in the photon energy 


= 
x 
2 
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hy [eV] 
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range of Fig. 2 and schematically shown in Fig. 1, 
BoE 


foo + M+ HG (Iso) + direct (2) 


dy + Wa HZ (2pey) + direct (3) 


hy +p Ha(Qy) + Hi (Is04) + °, resonant 


(4) 


shy + Ha Ha(Qy) Hj (Is0g) + resonant 


(3) 


fv + y+ Ma(Qs) + H32pou) + € resonant 
(6) 


Asymptotically, Hy"Qpqy) always leads to a 
dissociation, whereas H,'(1s0g) can lead either 
to Hy in-a bound vibrational state oF to a dise 
sociative state. Al of these pathways must be 
added coherently when they yield the same 
loctron enengy and hence the same KER. Their 
imerference leads 10 the distinct finger-like 
ssructures in the low KER region (Fig. 2, € 10 
F). The caloulted structures (Fig, 2, C and E) 
ae in execllent agreement with the experimental 
observations (Fig. 2, D and F), Our calculations 
show that the structure is the result of an inter- 
ference between the processes in and 4, 
the direct and resonant pathways leading t0 180% 


Fig. 2. Kinetic energy release as a 
function of photon energy for dis- 
sociative ionization of He and Dp 
(Eq. 1), (A) Theory and (B) experi- 
‘ment for Dz. Regions |, Il, and It 
show three distinct clusters of data 
formed by photoionization. (C to 
F) Magnification of the low-KER 
‘region of panels (A) and (B) for He 
(0 and (D)} and 0, (©) and (P]. 
‘Left, theory; right, experiment, 


hy [eV] 
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in the same KER region. The finger-like struc- 
‘ures are the molecular analog of the well-known 
Fano interferences in the atomic case, but there 
are important differences entirely due to the mo- 
lecular character of Hz. As the photon encrey 
increases, the position of particular peak shitis 
to higher KER, which leads to fingers with 
slope approximately equal to one. The number 
and position of the fingers is controlled by the 
‘overlap between the dissociative states that are 
associated, respectively, with processes in Eqs. 2 
and 4, so itis not surprising that our experimen- 
tal data and calculations for Hz and Dz show a 
large isotope effect on these structures (the dif 
ferent masses cause distinct oscillations in the 
dissociative states), 

We then tumed to the angular distribution of 
the eleeton. We considered a photon energy of 
33.25 eV and, as above, an orientation of the 
molecule perpendicular to the polarization axis. 
Figure 3 shows the key results of this work 


Fig. 3. (A) Angular distribution of 
the electrons as a function of KER for” 
disociatve fnizaion of D3 (Eq. & 

at a photon energy of 33.25 eV, 

linearly polarized light. The orienta: . 
tion of the molecule at 90° to the 
Polarization (theory) and 90° + 10° > 
(experiment is indicated by colored a 
circles (blue, deuterons green, deur 

terium), The (horizonta) polariza- | 
tion vector and the molecular axis 
define a common plane, The elec 
tion i restricted to this plane by | @ 

£45". Solid red line, theory; circles rk 
with error bars (where eror & SD), \ 
‘experiment; dotted fine, fit of the) 
‘experimental data with spherical har- 
imonis. The theoretical results have - 
been integrated over the experi- 
mental acceptance angles and KER . 
resolution as well as electron resolu- 

tion. Infinite resolution theoretical 
‘results are shown by the small three- 
dimensional plots in the upper right: 
KER = 02 G@), 63 0b), 78 (0,92 ow 


(@, 11 (e), and 14 eV (). Units are + 


arbitrary units. (B) The angle- | 
integrated KER spectrum. Red line, 

theory; black tne, experiment; letters P 
a to f correspond to a to f in (A); i 
KER intervals are 20.1 eV. The x-axis 

shows KER in eV. The years shows @ 

‘rosesection in arbitrary units. L 


Plotted is the angular distribution of the electron 
With respect to the polarization axis (horizontal). 
The plane of the figure is defined by the mo- 
Jecular axis and the polarization vector: only 
electrons in this plane are selected. The mol 
ccule is perpendicular to the polarization axis 
With the proton pointing upward. The angular 
distributions are found to vary strongly with the 
kinetic energy release. In addition to the change 
from a dumbbell to a butterfly shape, we found 
strong asymmetry, in particular in a narrow 
range of KER ‘corresponding to ant 
electron energy 0 TeV. All major 
features predicted by our theory are confirmed 
by the experimental data. They are also con- 
sistent with those reported in a previous experi- 
ment (/4) by averaging over KER intervals of 
3 eV. 

Our theoretical analysis allows us to distin- 
uish the contributions leading to Iso, (the sum 
‘of processes in Eqs. 2, 4, and $) fiom those 


leading to 2po, (the sum of processes in Eqs. 3 
and 6). For a fixed photon enengy of 33.25 eV, 
the contributions of the Ise, and 2pc, channels 
overlap in the 8- to 10-cV region (Fig. 4), where 
the largest asymmetry is observed (Fig, 3). 

How can the 156, and 2p, channels interfere 
to produce an asymmetric angular distribution? 
‘To answer this question, we performed a model 
calculation in which we only included the direct 
ionization channels—Isogry and 2perghry—and 
the lowest Qa state of Tl symmetry, The angular 
distributions found in this model calculation 
‘were very similar to those obtained from the full 
calculation (Fig. 3). In particular, the asynin 
‘was very well reproduced, showing that the Qy 
states are not responsible for its occurrence. We 
then exeluded the two direct channels (Eqs. 
and 3) and only considered the decay of the Qz 
state through the channels in Eqs. $ and 6, The 
asymmetry remained, thus showing that the ori- 
sin of the asymmetry is the interference betwe 
these two channels, Le., between the resonant 
population of an ungerade andl a gerade state. I 
is only the coherent superposition of these 
pathways that allows for a localization of the 
bound electron in the dissociating My". The 
fransiem molecule has broken symmetry and 
can keep a memory of the direction in which 
the electron departed. We also found that the 
fingers in Fig. 2 did not appear when the direct 
channel (Eq, 2) was not included in the eal 
culation, thus confirming that their origin is the 
interference between resonant and nonresonant 
population of the Iso, state. In any case, the 
later interference did not lead 10 a noticeable 
asymmetry, 

The results of the full quantum calculation 
completely diflred from thase of the widely 
used simple semiclassical model (also used in 
Fig, 1. B10 &, for pedagogical purposes). In this 
simple model, the system always strictly. fole 
Jowed the potential enengy curves and only 
vertical transitions between them were allowed, 
‘These vertical transitions may occur as a result 
of photon absoeption (vertical fines on the left) 
for autoionization decay (vertical lines on the 
right), In this framework, all molecules had an 
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Crows section (khat/eV) 


bs aa a TA 
‘KER (eV) 
Fig. 4. Calculated D* kinetic energy distribution 
in dissociative ionization of Dz by absorption of a 
33.25-eV photon. Sold line, 150, channel; dashed 
line, 2po, channel. The inset is a magnification of 
the squared region. 
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identically well-defined value of the internuclear 
distance during the transition and, consequently, 
any possible direet energy exchange between 
electronic and nuclear motions was neglected 
For example, in such a model, the electron en- 
‘ergy from the path shown by an orange fine in 
Fig, IE (resonant photoionization through the 
2por, channel) would be equal to the energy 
difference between the Qy and the 2pa, curve at 
the marked internuclear distance, Similar ma- 
soning predicts the electron energy along the 
path shown by the green line (resonant photo- 
onization through the Iso channel). Our cal- 
culations show that, in this ease, although such 
simplified models have heuristic and pedagog- 
ical value, they lead to false conclusions, The 
model predicts that the maximum possible value 
fof the KER in the Isog channel is 8.1 eV (cor 
responsling 10 an autoionization decay at infinite 
internuclear distance), which is the minimum 
possible value of the KER in the 2po, channel 
(corresponding wo autoionization decay at the 
xuilibrium internuclear distance). Therefore, no 
ierforence between and u_ states can cceur 
Within this model because the e 
and the KER regions for transitions 10 Isc and 
2pey woukl have no overtyp, and hence the 
lectton ejection woul! always be symmetric. 
‘Our fully quantum mechanical treatment showed 
that transitions 10 the Isoy state can occur be- 
yond §.1 eV and that transitions tothe 2pq, state 
fare possible even at zero KER. Thus, the 
angular distribution can exhibit an asymmetry 
‘over the whole region of KER, Strictly speak- 
ing, a symmetric dissociation in the presence of 
resonances is the exception rather than the rule 
It becomes quantitatively substantial in the re 
ition where both channels are comparably ac- 
tive, between ¥ and 10 eV; however, it is also 
Visible in regions where one of the channels dom- 
inates (Fig, 3A, b 10). 

Notably, the observed asymmetry has no 
relation to the direction in which the charged 
fragment is emitted: The langer lobes are some 
tims found on the ion side (Fig, 3A €, cand e) 
and sometimes on the neutral side (Fig. 3A, b 
and 1), Both theory and experiment show that 


the amplitude of these oscillations is more 
important in the region where the Iso and 
hannels overlap, Between consecutive 
jons, there are KER values for which the 
distribution is practically symmetric. Thus, the 
‘mmetry cannot be explained by a preferred 
attractive interaction between the proton and 
the escaping electron (the latter is 100 fast to 
be efficiently perturbed by the slow proton, ex- 
cept possibly in the region of the maximum al- 
lowed KER). 

Asymmetric photoelectron angular distribu- 
tions should arise in any symmetric molecule 
that decays through two (oF more) dissociative 
ionization channels associated with different 
symmetries of the residual molecular ion. When 
the final electron energy is the same in both 
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channels, the eortesponding ionization pathways 
are indistinguishable. This equivalence leads to 
interferences that depend on the time delay be- 
tween the two ionization processes. The time 
delay implies that the decay in either pathway 
‘occurs at different positions of the nuclei. This 
Unique relationship between time delay and nu- 
clear positions makes the problem of molecular 


and the asymmetry of the photoclectron angular 
distribution its most noteworthy (and so far 
unexpected) effect. Symmetry breaking should 
bbe considered a zeneral molecular manifestation 
‘of autoionization when several decay channels 
elfectively accessible 
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Ultrafast Bond Softening in Bismuth: 
Mapping a Solid’s Interatomic 
Potential with X-rays 
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Intense femtosecond laser excitation can produce transient states of matter that would otherwise be 
inaccessible to laboratory investigation. At high excitation densities, the interatomic forces that 
bind solids and determine many of their properties can be substantially altered. Here, we present 
the detailed mapping of the carrier density~dependent interatomic potential of bismuth 
approaching a solid-solid phase transition. Our experiments combine stroboscopic techniques that 
Use 3 high-brightness linear electron accelerator-based x-ray source with pulse-by-pulse timing 
reconstruction for femtosecond resolution, allowing quantitative characterization of the interatomic 
potential energy surface of the highly excited solid. 


1¢ availability of bright sources of uk 
| trafast hard xrays, such as future free- 
electron lasers, opens up the possibility 10, 
follow atomic motion stroboscopically with the 
picometer spatial and femtesccond temporal 
resolution required to capture the fastest atomic 
vibrations and the making and breaking of 


bonds (/), However, the inability to 
precisely time the x-ray probe can Iead to sig- 
nificant reduction in temporal resolution. 
Recently, the use of single-shot determination 
of the s-ray anival time as a means of random 
sampling has been demonstrated to circumvent 
this problem (2). Using this technique, we 
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ducted femtosecond laser-pump  x-ray-probe 
‘experiments that elucidate the role that carrie 
induced bond-softening and anharmonicity play 
in the high-amplitude phonon dynamics of pho- 
toexcited bismuth, 

‘The valence electrons and ionic cores (nu- 
cleus and core electrons) that constitute a 
crystalline solid, in general, can be considered 
as distinct components that couple through the 
celectron-lattice interaction. In bismuth, as well 
as antimony and tellurium, the electron-lattice 
interaction is strong and the lattice configu- 
ration is sensitive to the population distribu- 
tion of electrons within the conduction bands. 
In these materials, femtosecond photoexcitation 
of charge carriers drives the symmetric zone 
center Aig coherent optical phonon mode 
(3-5), The vibrational excitation is generally 
believed to be displicive: The population 
redistribution of valence electrons alters the 
potential energy surface of the lattice and 
zives rise to a restoring force that drives eo 
herent atomic motion. The dynamics of this 
mode are determined by the curvature and 
minima location of the altered potential en- 
ergy surfice (quasi-cquilibrium coordinate). 
Knowledge of electronically excited energy 
surfaces is essential for predictive models of 
nonequilibrium behavior in this and a wider 
class of important processes in nature (from 
photocatalysis to nonequilibrium charge trans- 
Port in nanojunctions), 

Experimentally, the Ayg vibrational mode 
has been monitored indirectly by measuring 
time-dependent optical reflectivity (3, 6-10) 
and direetly by time-resolved ray diffraction 
measurements (//). However, with the latter 
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technique. low x-ray flux prevented carrier 
dependent studies of the interatomic potential. 
Recent observations in bismuth and tellurium 
reveal that the vibrational frequency is not 
constant: It red-shifis from the equilibrium 
value under high-intensity excitation, indicat- 
ing a softened phonon mode (7, 9-12), After 
the initial softening, the oscillation frequency 
bblue-shifis back toward the equilibrium value 
as the oscillation amplitude and carrier density 
decay (9, 10). The mechanism responsible for 
this time-dependent vibrational frequency 
shill, oF chirp, has been controversial. Hase 
cf al. concluded that the chirp was due to an 
amplitude-dependent frequency caused by an- 
harmonicity of the interatomic potential (9), 
Fahy and Reis suggested an altemate 
planation based on electronic softening of the 
potential and the subsequent dynamics of the 
Photoexcited. carriers (/3), Optical coherent 
‘control experiments in which the phonon am- 
plitude was varied at fixed electronic excitation 
demonstrated that the observed phonon fre- 
quency is dominated by electronic effects ant 
that anharmonicity in the interatomic potential 
plays a negligible role, a finding that was 
‘Supported by ab initio constrained density func- 
tional theory (DET) calculations (7), Howev- 

because optical reflectivity does not measure 
atomic positions, the location of the potential 
energy minimum and the amplitude of the 
‘phonon-driven atomic displacement could not 
bbe determined. 

We used femtosecond x-ray difliaction 10 
elucidate the dynamics of the high-amplitude 
phonons by direct measurement of the atomic 
positions within the unit cell, The knowledge 
Of the time evolution of the atomic positions en- 
ables the determination of the quasi-cquilitrium 
coordinate and curvature of the interatomic 
potential and the comparison of these param 
‘eters t0 previous DFT calculations. The po- 
tential well shifts and softens with increasing 
carrier density, corresponding to a highly 
cited solid in which a substantial fraction of 
the total valence electrons are promoted 10 the 
conduction bands, 


Fig. 1. Bismuth (111) x-ray diffraction 
efficiency as a function of time delay 


between the optical excitation pulse and ge 


_ctay probe for excitation fluences of 0.7 @ 
(green), 1.2 (red), 1.7 (blue), and 23 § 0.90} 
mycm* (gray). The zero-delay point was 0.85] 
set at the half maximum of the initial 

transient drop. The inset displays the © 0.80) 
‘optical phonon frequency as a function 8 0.75} 


of the normalized atomic equilibrium = 
Position along the body diagonal of the 
unit cell x a5 measured by x-ray diffrac 
tion. The dotted curve represents the 
theoretical prediction obtained from DFT 
‘calculations ofthe excited-state potential- 
energy surface (10). 


‘The room temperature structure of bismuth is 
shombohedral A7 with two atoms per unit cell. 
This structure is a Peierls distortion of a simple 
cubic structure, with alternating atoms spaced 
nonequidistantly along the body diagonal or 
trigonal axis Thus, there exists a double-well 
interatomic potential with normalized equilib- 
rium coordinate at x= 0.5 * 5 (in units of the 
hexagonal unit cell length, ¢ = 1.18 nm), The 
Aye mode consists of an oscillation of the two 
basis atoms along the trigonal direction, and thus 
xris.also the phonon coontinate, 8 isa measure of | 
the Peierls distortion, that is, the deviation of 
each potential energy minimum from the sym- 
metric x = OS point. The quasi-equilibrium 
coordinate and shape of the well constraining 
the atoms along the trigonal direction are 
sitive to excitation of carriers from the vakene 
band to the conduction band (1). 

‘A S0-nm-thick bismuth film grown by mo- 
Aecular beam epitaxy with a (111) surt 
‘orientation (/4) was excited. at room tempera- 
ture by near-infrared pulses (70 6 full width at 
half maximum (FWHM) propagating from a 
‘Tisapphire laser system in a direction colinear 
with the x-rays. The x-ray pulses (10° photons at 
9 keV, 0.24 mm? area, 100 f% duration) were 
generated from the Sub-Picosecond Pulse 
Source (SPPS) at the Stanford Linear Aceeter- 
| The (11) xray Bragg 
reflection was observed for absorbed excitation 
fluences between 0.3 and 3.0 mJ/em? per pulse 
ata 10 Hz repetition rate (15). We note that at 
1.5 mJ/em?, enough enengy is deposited to even- 
‘wally raise the temperature of the entire film. 10 
the melting point, although at least 4,1 mJ/em? is 
required to provide the additional latent heat for 
thermal melting. I isin this high fluence regime 
that ultrafast excitation of carriers wenerateslarse- 
umpilitude coherent phonons with a significantly 
lowered fiequeny. 

During the first few picoseconds after ex- 
citation, it appears that the absorbed energy’ is 
stored almost entirely in the electronic degrees 
of freedom and the mechanical vibration 
associated with the Ayg miode. In this time, the 
Nolume of the unit cell remains fixed and the 
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lattice remains at wom temperature. On the 
time scale of ~20 picoseconds, considerable 
uniaxial strain is observed as a shift in the 
Bragg angle. Thus, the observed changes in the 
ditliaction efficiency at these early times (Fig. 1) 
are due to structural changes within the unit 
cell of the crystal, The structure factor for the 
(hk) Bragg reflection is a function of the 
phonon coordinate 


F=2Aweos[R ik Dx) ly 


where fi is the atomic scattering factor for 
bismuth. In the limit of a thin film and constant 
Temperature, the normalized diffraction signal 
for the (111) reNection isa direct measure of the 
atomic displacement along the trigonal direction 


Hd 10) = cos? [3.401] 608" [3x.0)] 2d 
A large transient decrease in diffraction effi- 
ciency eceurs upon the arrival of the excitation 
pulse (r= 0) and is followed by damped 
‘oscillations superimposed upon a recovery. In 
the high-symmetry, non-Peierls distorted state, 
x= 0.5 and the (111) reflection is forbidden by 
‘symmetry, Thus, the transient decrease is attri- 
buted to a sudden shift in the minima location 
‘ofthe potential energy surface (toward x= 0.5) 
inthe excited electronic state, leading to atomic 
oscillations about the shifted equilibrium, Mea- 
‘surements of the ) reflection, which in- 
creases in intensity for the highersymmetry 
arrangement, confirm this attribution. A similar 
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Fig. 2. Interatomic quasi-equilibrium position 
a a function of the percentage of valence elec- 
‘rons promoted into the conduction band. The 
red circles represent experimental results; the 
dotted line depicts the potential minimum ob- 
tained from the DFT potential landscape. The 
adjusted potential eneray surface obtained from 
DFT is overlayed in false color representation 
(10). The bismuth unit cell is displayed in the 
Uupper right quadrant. The red bar represents the 
body diagonal length c, and the yellow bar rep- 
resents the basis atom coordinate xc. 


behavior was observed by Sokolowski-Titen 
cet al. (11), The quasi-cquilibrium coordinate is 
then measured direetly from the magnitude of 
the transient decrease of the relative diffraction 
efficiency seen in the (111) data (ic., from the 
Value about which the oscillations occur). The 
subsequent increase is ascribed to carrier re 
laxation through diffusion and recombination, 
which eventually restores the potential energy 
surface to its equilibrium shape at excitation 
levels below the damage threshold. 

The oscillatory part of the diffraction signal, 
comesponding to the coherent optical phonon 
mode, was fit to a decaying sinusoid with fixed 
frequency and varying initial phase. Because the 
‘phonon frequency is chitped, the frequency ob- 
tained from the fit represents the avera 


phonon frequency over the fitting interval 
(0.5 to 1.5 ps). The measured value. ranging 
from 2.84 102.31 TH, is red-shifted relativeto 
that observed in continuous wave Raman seat- 
lar 


tering experiments (2.93 THz) (8). Sin 
softening has been measured in optical exper 
ments (7, 9, 10), 

The inset of Fig. 1 displays the dependen 
‘of phonon frequency on the quasi-cquilibrium 
coordinate (measured over the same 
terval as the phonon frequency), Our results also 
represent average values over the sample depth 
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Fig. 3. Interatomic potential curvature as a 
function of carrier density n. Solid lines represent 
the region of the interatomic potential sampled 
by the atoms under complete displacive excita- 
tion. The curvature was derived from the measured 
phonon frequency, assuming pure harmonic mo- 
tion. Dotted lines are cross sections of the DFT 
interatomic potential surface displayed in Fig. 2for 
fixed carrer densities. The vertical sale is adjusted 
for darity, and the potential eneray is displayed 
relative tothe minimum ofthe unexcted structure. 
The inset displays the phonon frequency as 2 
function of cartier density. The dotted line shows 
‘Aig frequencies from DFT frozen phonon calcu- 
lations. The starred point isthe equilibrium Raman 
value of the Alg frequency. 


REPORTS. [ 


for both frequency and quasi-equilibrium 
coordinate, because the x-ray penetration depth 
is much farger than the film thickness. In the 
absence of photoexcitation, the accepted values 
of the frequency and equilibrium location at 
room temperature are 2.93 THz and x= 0.46719 
(20, 16-18). Ava measured quasi-cquilibrium 
coondinate of x = 0.4729 = 0,001, the well is 
shified by 6.7 picometers and the interatomik 
forces are softened by 35% (~20% decrease in 
the phonon frequency), The results ane com- 
pared with the constrained DFT calculation of 
Murray ef al. (10) (dotted ine). These first- 
Principles calculations assumed production of a 
single electron-hole pair per absorbed photon and 
rapid thermalization of the electrons and holes by 
intraband scattering, followed by electon-hole 
recombination on a longer time seale, Therefore 
the electron and hole distributions are approx 
imated as independent Fermi-Dirac distri 
butions with separate chemical potentials such 
‘that the average energy of each pair is equal 10 
the photon energy. Despite these approxima 
tions, the excellent agreement with experimen- 
tal results here demonstrates the ability of DFT 
10 quantitatively predict the ess 
state features (quasi-equilibrium 
frequency) of this syster 

Under the same assumption of a single 
electron-hole pair produced per absorbed pho- 
ton, we separately compare the measured 
quasi-equilibrium coordinate as a function of 
carrier density to the DFT predictions (Fig. 2). 
The calculated double-well potential with the 
‘quasi-cquilibrium coordinate is indicated. by 
the dotted line (for illustrative purposes. we 
arbitrarily chose the x'< 0.$ well. The curving 
fof the dotted fine toward xr = 0.5 shows that 
increasing cartier density reduces the Peierls 
distortion, The shift in equilibrium coordinate 
was measured for carrier densities spanning 
0.18% to 1.8% of the total valence elections, 
averaged over the SO-nm film, A. transient 
displacement of 11 picometers was observed 
forthe highest carrier density and corresponds to 
2.0% of the equilibrium interatomic separation 
along the trigonal axis. This value is not the 
sameas the change in nearest 


material, which was evident as an overall 
decrease in the diffraction efficiency for the 
tunexcited erystal, 

‘The calculations suggest that upon excitation 
of -2.5% of the valence electrons, bismuth un- 
dengoes a structural phase transition to a higher 
symmetry state, whereas at approximately 2% 
excitation the barrier between the wells is low- 
‘ered sulliciently for the atoms to move in both 
wells (19) It is unclear, for an initial room tem 
perature lattice, whether this level of excitation 
density can be achieved without subsequent 
thermal melting of the material (or what role 
formation of domains plays in the melting tran- 
sition). At these excitation levels there is: no 
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Fig. 4. (A) Xxay data arranged 
sequentially by the arrival time 
determined by electro-optic sampl- 
ing for N = 10, 100, and 1000 


shots. (B) Corresponding histo- 2 9 | 
‘grams of the measured electron S 
bunch arrival times. A movie of the 1.0 
data acquisition is included as sup- = 
porting online materia. a. 
Bos 
2 1 
Eo: 
20, 


evidence, either experimentally or in the DFT 
results, of a nonthermal melting transition such 
fas that found in tetrahedrally bonded semicon- 
ductors 20-24), 

In addition to the quasi-equilibrium co- 
ordinate, we extract the carrier density 
dependent curvature of the potential well from 
the measured frequency of the lg mode 
assuming a harmonic potential (solid black 
curves in Fig. 3), The extent of the curves 
represents the maximum range of motion of 
the ions that occurs in the limit of a purely 
displacive excitation. A comparison of these 

potential calculated by DFT 
(dotted lines, corresponding 10 fixed-density 
‘eros sections of the surface shown in Fig. 2) 
shows that for carrier densities as high as 
1%, the atoms are well described as moving 
in a purely harmonic potential, At the highest 
carrier density in which we could extract a 
phonon frequency from the data, the cal 
lations predict only a slight deviation from a 
harmonic potential. This result is reinforced 
by the excellent agreement between the mea- 
sured and calculated frequency (which in- 
cludes the anharmonic terms) as a function 
of cartier density (Fig. 3, inset. Thus, al- 
though anharmonicity must be present at 
some level, electronic softening by far dom- 
inates the determination of the phonon fre- 
‘quency at the high excitation densities in this 


and former experiments, 

Two important technical advances en- 
abled these experiments: the generation of 
high s-ray photon Mus in a temporally short 


pulse from a linear accelerator source and the 
ability to measure the relative x-ray and laser 
pulse arrival times. Standard strobose 
surements in the subpicosecond time regime 
derive the excitation pulse and probe pulse 
from the same ultrafast source with the pump- 
probe relive delay determined by the optical 
path length difference. This setup ensures syn- 
cchronization between pump and probe and 
realizes the temporal limit set by the probe 
pulse duration. In experiments in which the 
pump and probe are derived from separate 
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sources, such as the study reported here, syn- 
cchronization is not inherent and must be 
tively attained. To achieve temporal resolution 
of the order of x-ray pulse duration, it is nec 
essary to either synchronize the two sources 
to a fraction of the probe pulse duration or to 
measure the relative arrival time on a sho 
bby-shot basis. Asa result of sources of 
in the linear electron accelerator that cannot 
‘be mitigated, particularly electron bunch ene 
fluctuations, synchronization to the level 
puke duration is not achievable 
and a relative time-of-arrival measurement is 
‘essential for experiments that require multishot 
data acquis 

Temporal resolution of ~100 f, required 
to observe coherent phonon motion in bis- 
imuth, was achieved by measuring the relative 
arrival time of the electron bunches using 
cloctro-optic sampling (EOS) (2). Laser pulses, 
split fiom the same source used to photo- 
excite the bismuth film, were transported by 
‘optical fiber to the electron beam (25). The 
measured electro-optic signal from the cle 
tron bunch was as short as 170 f FWHM, 
and the centroid of this feature was deter- 
mined to sub-20 f precision and used as a 
time stamp forthe relative time of arrival. The 
temporal jitter between the pump and the 
probe provided random sampling of tim 
points, X-ray data obtained from diflraction 
measurements were sorted into 40-f time 
bins according to the time of arrival mea 
sured through EOS (Fig. 4). Data within a 
time bin were averaged together to increase 
the signal-to-noise ratio, The results of these 
experiments demonstrate the type of data col- 
lection techniques and timing diagnostic that 
will be instrumental to maximize the scientific 
capabilities of the next generation of x-ray 
light sources. 
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Rapid 20th-Century Increase in Coastal 
Upwelling off Northwest Africa 


H. V. McGregor,"*t M. Dima,?# H. W. Fischer,* S. Mt 


2s 


Near-shore waters along the northwest African margin are characterized by coastal upwelling and 
represent one of the world’s major upwelling regions. Sea surface temperature (SST) records from 
‘Moroccan sediment cores, extending back 2500 years, reveal anomalous and unprecedented 


‘cooling during the 20th century, 
5STs also vary out of phase 


ich is consistent with increased upwelling. Upwelling-driven 
millennial-scale changes in Northern Hemisphere temperature 


‘anomalies (NHTAs) and show relatively warm conditions during the Little e Age and relatively cool 
‘conditions during the Medieval Warm Period. Together, these results suggest that coastal upwelling 
varies with NHTAs and that upwelling off northwest Africa may continue to intensify as global 


‘warming and atmospheric COp levels increase. 


oastal upwelling oceurs along the cast 
( ‘em margins of major ocean basins and 

develops when predominantly along- 
shore winds force offshore Ekman transport 
‘of surfice waters, which leads to the ascend 
ing (or upwelling) of cooler, nutrient-rich water 
(2). Coastal upwelling is of lange ei 
importance and accounts for ~20% of the 
islobal fish catch, yet constitutes <I% of the 
world’s oceans by area (2), Coastal upwelling 
is also of major importance to primary and 
secondary productivity and strongly influ 
fences atmosphere- COz exchange, 
Well as carbon recycling and export to the 
ope The understanding of potential 
stlobal warming.-related changes in th 
sity of coastal upwelling has become inereas- 
ingly important because of the likelihood of 
dramatic eeosystem and socioeconomic im- 
pacts (3-6), Although there is some evidence 
that the vigor of coastal upwelling. at least at 
the decadal seale, has progressively increased 
as a result of anthropogenic greenhouse as 
emissions (3, 5, 7), most evidence is based 
‘only on short instrumental reconds, Longer 


temporal records are needed to assess whe 
sified. 


upwelling truly has int 
We investigated lon nyes in 
upwelling intensity along the northwest 
(NW) African n using two sediment 
cores that not only have decadal-or-better 
olution but also 
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‘cone to the end of the 20th century and overlap 
{temporally with instrumental data sets, The two 
es (gravity core GeoBOMIS-1 and multi-core 
‘GeoB6008-2) were recovered fiom the heart 
of the Cape Ghir upwelling system off the 
coast of Morocco (30°S0.7N, 10°0S.9°W 
355-m water depth) (Fig. 1). The region off 
Cape Ghir is particularly well suited for the 
study of upwelling because it constitutes one 
‘of the most persistent upwelling cells along the 
NW African coast, with upwelling occurring 
year-round (8-10). Sea surface temperatures 
(SST) in upwelling zones are sensitive i 
dicators of changes in upwelling intensity 

is (8, 17). and, in the Cape 
Ghir area, cooler STs result directly from in- 
ereased upwelling intensity (8, /0) (Fig. 1). 
Thus, using the well-established alkenone 
unsaturation index (US) as a SST proxy, we 
reconstructed SST and upwelling at Cape 
Ghir (12). We have confidence in the use of 
alkenone US as an SST proxy at Cape Ghir be- 
‘cause several factors that could haye a potentially 
detrimental influence on the US-SST reat 
ship are minimized at this site [see support 


Fig. 1. Advanced very-high- 
resolution radiometer (AVHRR) 
‘Oceans Pathfinder 5 SST image 
‘of NW Africa (September 2004), 
marked with the location of sed- 
iment cores GeoB6008-1 and 
GeoB6008-2 (star symbol). Inset 
map shows the area covered by 
the SST image (black box). The SST 
image was obtained through the 
‘online POET tool [Physical Ocean- 
‘ography Distributed Active Archive 
Center (PO.DAAC) Ocean Earth 
Science Information Partner] at 
PO.DAAC, National Aeronautics 
and Space Administration, Jet Pro- 
pulsion Laboratory, Pasadena, CA 


(httpz/podaac.jpl.nasa.govipoel). The SST data show a narrow strip of cold 
coastal waters (purple and dark blue), 3° to 5°C colder than open ocean, 
cating the Cape Ghir upwelling center. A coastal upwelling 
filament (light blue) is also present, extending offshore from Cape Gi 


SSIs, i 


REPORTS. [ 


‘online material (SOM) text]. We also measured 
the carton isotope ratio ("C) of the benthic 
foraminifera Uvigerina mediterranea in. both 
cores (12) to obvain a cord of anthropogenic 
carbon input into the ocean as recorded a site 
Geo B6008 

When taken together, dating of the sedi- 
ment cores shows that they extend from 520 


BC. to 1998 A.D. (12), "Pb dati 
33-cm-long multi-core and the upper 17 cm 
of the gravity core (Fig. 2 and fig. S1), in 


erator mass 
lyses on 


addition to cight calibrated ac 
spectrometer (AMS) radioe 
the rest of the gravity 
SI), reveals an extremely high sedimentation 
rate of ~210 em per thousand years (/2), This 
finding, along with a sampling resolution of 
between 2 and 25 years, allows an unprece- 
dented view of 2Oth-century and late-Holocene 
‘upwelling history. 

For most of the 20th century, the two ak 
enone SST reconstructions show a steady 
cooling rend of ~1,2°C, which indicat 
increase in upwelling intensity (Fig, 2). In 
audition, the patterns of variability during the 
‘60-year period where the two cores overlap 
(1912 10 1971 A.D) are notably similar, which 
tests to the consistency of the age mode! in 
this part of the core and of the SST signal in 
cach record, The trend to cooker SSTs and in- 
creased upwelling through the 20th century is 
consistent with pronounced upwelling intensiti- 
cation for the later part of the 20th century 
inferred from two calculated upwelling indices 
for the Canary Curent region (3, 13), Our SST 
changes are also consistent with increased, 
‘upwelling-favorable meridional wind speed 
observations for Cape Ghir (Fig. 2) and for 
the grid squares 10 the immediate north and 
south of the cape along the Moroccan cost 
(oot shown) (14), Dirvet comparison of the 
alkenone SSTs with instrumental SST records 
is difficult because ships of opportunity ( 


aw 
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commercial vessels that have agreed to collect 


to detect the upwelling (8, 17), and gridded 


‘oceanographic data en route to their destina- data sets smooth out the cooler upwelled- 


tion) in this region pass too far from the coast 


Fig. 2. Normalized alkenone SST records 
from cores GeoB6008-1 (red circles) and 
Ge086008-2 (red triangles) for the 20th 
century as compared with the Bakun up 
welling index for NW Africa (pink trace) 
G), an upwelling index alaulated for 
Cape Ghir (brown trace), and meridional 
wind speed data (orange trace) (14), Al- 
enone SST records are normalized to the 
‘mean for the overlapping period between 
them (1912 to 1971 AD, to allow for a 
05°C offset (12) The vertical red bar ine 
cates the error on alkenone SST estimates 
(22), Pb dates for GeoB6008-1 (black 
circles) and GeoB6008-2 (black triangles) 
‘are shown at the base of the graph. The 
Cape Ghir upwelling index was calculated 
for 31°N, 10.5°, with a coastal angle of 
182°, and was obtained from the Envi 
ronmental Research Division of the Nation- 
al Oceanic and Atmospheric Administration, 
National Marine Fisheries Service, South- 
west Fisheries Science Center (rwwv.pfl. 
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‘noaa.gow) (13). Both upwelling indices are presented at annual resolution and as the deviation from the 
mean of each record. Meridional wind speed data are from Comprehensive Ocean-Atmosphere Data Set 
Release 1 data (14) for 31°N, 12°W. Calculations were restricted to the 1950-1992 AD. period, 
because during this time interval no more than two values per year were missing, Annual means were 
then calculated based on the monthly values. More negative values indicate more southerly (equa 


tomward), upwelling-favorable winds. 


Fig. 3. Ageldepth relationship, normal- 
ized alkenone SST, and 8YC records for 
the full length of cores GeoB6008-1 and 
GeoB6008-2, compared with NHTA re- 
constructions and ice-core CO, records. (A) 
‘Age model for GeoB6008-1 based on the 
calibrated AMS C ages [diamonds; ages 
are reported as calibrated radiocarton 
years AD. (cal yrs AD), and error bars 
represent the 2o-clibrated age range 
(22)] and, at the top of the core, “Pb 
dates (gray circles, shown in more detail in 
Fi, 2), an the age model for GeoB6008-2 
based on ?!pb dates only (gray trian- 
‘les, shown in more detail in Fig. 2). Pe- 
riods highlighted at the base of the 
figure represent the LIA, MWP, Migration 
Pessimism (MP), and the Roman Optimum 
(RO). (B) Normalized alkenone SST from 
GeoB 6008-1 (red circles) and GeoB6008-2 
(red triangle), the reconstructed millenia 
mode from the GeoB6008-1 alkenone SST 
‘record (solid black line), and 84C measured 
‘on U. mediterranea from GeoB6008-1 (blue 
circle) and GeoB6008-2 (bive triangles. 
Vertical red and blue bass indicate the enor 
‘on alkenone SST estimates and 32°C analy- 
65, respectively (12). (C) Law Dome (purple 
squares) (28) and Taylor Dome (purple 
twiangles) 29) atmospheric CO, records, as 


Depth (cm) 


eoaear 
(Calendar age (cal yrs AD) 


‘sip 1000 1500-2000 


well as three NHTA reconstructions: the instrumental record (10-point smoothing: orange line) 26), a -2000-year 
reconstruction based predominantly on terrestrial proxies (green tne) (24), and a ~2000-year reconstruction with 
the use of high- and low-resolution proxy data (bive line) (25). ppm, pats per milion by volume, 


values are, however, within the range of SSTs 
reported by research cruises in the Cape Ghir 
region (SOM text). In addition, the trend 10, 
cooler SSTs at Cape Ghir is consistent with 
wend 10 cooker SSTs for 1982 to 2001 A.D, 
hased on satellitederived observations. for 
coastal upwelling along the Iberian margin 
G7 to 42°N) and the NW African margin 
22° to 30°N and 12° 10 20°N) (15), 


‘era 
the past 2500 years (Fig, 3B), the 
ly show the 


con 
final 100 years of the record 
strongest decrease in SST (corresponding to 


increase in upwelling), which is larger and 
more rapid than any other change in the 
weond, The period from 1965 to 1998 A.D, 
is particularly cold and is ~0.5°C colder than 
the next coolest 35-year period (1845 to 1880 
AD.) [mean SST anomaly fiom 1965 to 1998 
AD. 0.08°C (SEM), 0 = 15, Wh 
nn is the number of alkenone SST anom 
values for the given period; mean SST anon 
from 1845 10 1880 CE, = 0,06" = 0,08C 
(SEM), = 7} 

The GeoB6008-1 alkenone SST record 
also shows pronounced millennial-scale v. 
ibility during the past 2500 years (Fig. 3B). 
This variability is highlighted through recon- 
struction of the long-term mode, based on the 
2nd and 3rd quasi-periodic components 
ad through singular spectrum analysis 
jeoBG008-1 SST record (/2) (table 
82). The reconstructed millennial mode for 
GeoB86008- | shows local SST maxima at~600 
and 1600 A.D. and SST minimaat ~0 BC/A.D. 
and 1150 A.D. (Fig. 3B), All of these extremes 
correspond to inferred periods of waning and 
cooling in the Northem Hemisphere, the most 
recent of which being the Medieval Warm 
Period (MWP) and Little lee Age (LIA) (14) 
(Fig. 38), 

The 8"C record of the benthic foramii 
fer U; mediterranea (Fig. 3B) supports the age 
model of our core and also suagests the pre 
cence of anthropogenic COy for the most recent 
part of the record (SOM text). Carbon isotope 
values substantially decrease with respect 10 
the past 2500 years at the beginning of the 
20th century. This decrease reflects the so-called 
‘oceanic Suess effect”: the oceanic uptake of 
ly light CO released by the burning 
of fossil fuels (/7) (Fig. 3C), Recent estimat 
of the magnitude of the occanic Suess eff 
are between 0.7 and 0,9 per mil (%e) up to the 
early 1990s, for both tropical Atlantic and 
Arctic Ocean surface waters (8, 19). This 
range is consistent with the observed 20Kh- 
century decrease of ~0.8%m in the carbon iso- 
topic composition of U. mediterranea, The 
presence of an anthropogenic signal in the 
87°C record confirms that the upper part of 
the cores spans the 20th century, as suggested 
by the 7"°Pb-dating results, Furthermore, the 
strong covariance between °C and alkenot 
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SST records for the 20th century suggests 
an influence of global warning on the tem- 
perature evolution and upwelling intensity 
at site GeoB6008 

‘The rapid 20th-century cooling at Cape 
Ghir also coincides with the rise in atmospher- 
ie CO) (Fig. 3C) and likely reflects the in- 
fluence of COs on the land-sea thermal 
contrast in NW Attica and, in tum, on the 
alongshore winds driving the upwelling. Ac- 
conding to the mechanism proposed by Bakun 
(3), increased atmospheric COs concentration 
could lead to warmer surface air temper- 
atures (SATs) over land relative to those over 
the ocean, particularly at nighttime when ra- 
diative cooling is suppressed by the blocking 
of outgoing longwave radiation by CO3, The 
increased SAT deepens the thermal low- 
pressure cell over land while a higher-pressure 
comter develops over the slower-warming 
‘ocean waters. The winds blow clockwise 
around the high and anticlockwise around 
the continental low, The coast represents the 
boundary separating the two centers. There- 
fore, along the coast, the wind is oriented 
alongshore and southward. (equatorward), 
which thus drives the upwelling and negative 
SST anomalies. 

‘The proposed mechanism is f ex 
plain the increase in upwelling off Cape Ghir. 
‘At seasonal-to-interannual time seales, the 
pressure gradient between the coastal Atlantic 
and NW African continental interior was found 
to correlate with cooler NW Affican coastal 
SSTs and increased upwelling (9). At decadal 
time seales, analysis of global mean SAT 
records fiom 1950 10 1993 A.D. shows an 
inerease in minimum air temperatures and a 
decrease in the diumal temperature range over 
horthem Affica (20), which would facilitate any 
nerease inthe land-sea pressure gradient. tn 
akltion, during the late 20uh century, warmer 
SATs over the Saharan Iandmass and Eurasian 
continent were found 10 correlate with lower 
mean sea-level pressure over the Saharan 
landmass (the Sahara Low) (27). The Sahara 
Low is expected to futher deepen with in- 
creased CO3 (2/). Deepening of the Sahara Low 
could enhance the land-sea pressure dif 
ference, leading to further intensification of 
upwelling. 

Site GeoB6008 could also be influenced by 
the Arctic Oscillation’North Atlantic Oseilla- 
tion (AO/NAO) (22) through its impact on the 
Azores High. However, the strong trend to 
cooker Cape Ghir SSTs and the overall weak- 
to-nonexistent trend in the AO/NAO for much 
of the 


Auences the upwelling, 

The nonmalized Cape Ghit SST anomaly 
record, which includes. the rapid temperature 
changes of the past century and the millennia-scake 
Variability, covaries with Northern Hemisphere 
Temperature anomaly (NHTA) reconstructions 


(24-26), though with the opposite sign, show- 
ing a reverse “hockey stick” pattem (Fig. 3. B 
and C, and table S2), For example, from 1450 
to 1850 A.D. (ie. the extent of the LIA), re 
ative wannth is observed in the GeoB6008 SST 
record when compared with relative cooling 
in the NHTA records. The antiphased behav- 
jor is an unexpected result, given the lange 
regional variability captured from different ko- 
cations by the proxy records used in the NUTA 
reconstructions as compared to the variability 
of alkenone SST record, which is a point- 
recorded time series. The link, however, be- 
tween NHTA reconstructions and upwelling could 
come through the land-sea thermal contrast 
proposed above. The millennial-scale, hemi- 
spheric temperature variations could manifest 
asa greater change in land SAT as compared to 
SATs over the ocean, which may affect land- 
sea pressure gradients, alongshore winds, and 
therefore upwelling. 

Upwelling processes, in general, may be 
sensitive to inereased levels of CO. Our results 
‘of intensified 20th-century upwelling off the 
NW African coast also indicate a sensitivity of 
upwelling to SAT, Other recent findings show 
increased 20th-century Arabian Sea upwelling, 
Which is attributed to global warming-related 
heating of the Eurasian landmass (3, 7), There 
is also evidence for increased upwelli 
the Mberian margin (3, 15) and parts of the 
Califia Current and Peru-Chile Current sys- 
tems (3, 27) asa result of higher CO. levels (3). 
Given the apparent overall sensitivity of upwell 
ing during the 20th century to increases in 
CO, and our paleo-results of a distinct up- 
Welling response to hemispherie-scale warm 
ing and cooling, these results strongly imply 
that upwelling may continue to intensify with 
future increased levels of atmospheric CO> and 
tlobal warming 

Upwelling regions, including Cape Giir, show 
extremely high levels of biological activity, yet 
the ecosystem response to upwelling in these 
regions is dependant on a complex. balance of 
‘temperature, ocean chemistry, ocean circulation, 
and fishing pressure (6). Given the importance 
Of these marine ecosystems, our dependence 
‘on these highly valuable fisheries, and the po- 
{ential role of upwelling in the drawdown of 
atmospheric COs, further understanding. of cli 
mate feedbacks in upwelling regions and the 
ecological and socioeconomic repercussions is 
aan imperative. 
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Species Interactions Reverse 
Grassland Responses to 


Changing Climate 


K, B, Suttle,'*} Meredith A. Thomsen,? Mary E. Power? 


Predictions of ecological response to climate change are based largely on direct climatic effects on 
species. We show that, in a California grassland, species interactions strongly influence responses 
to changing climate, overturning direct climatic effects within 5 years. We manipulated the 
seasonality and intensity of rainfall over large, replicate plots in accordance with projections of 
leading climate models and examined responses across several trophic levels. Changes in seasonal 
water availability had pronounced effects on individual species, but as precipitation regimes were 
sustained across years, feedbacks and species interactions overrode autecological responses to 
water and reversed community trajectories. Conditions that sharply increased production and 
diversity through 2 years caused simplification of the food web and deep reductions in consumer 


‘abundance after 5 years. Changes in these natural grassland communities suggest a pro 


rent role 


for species interactions in ecosystem response to climate change, 


2) and 
3, 1), phenological 


je dhrbutons si poleward 


toward higher elevations 


‘events axlvance in time (5 
disappear altogether (8), With further climate 
change still expected, prediction of future in 


7), anwl some species 


pats has become critical to conservation pl 
ing and 
‘change under continued elim 


‘eparment of Integrative Biology, Univers of Califor 
nia, Berkeley, CA 94720, USA. “Department of Biology 
Univesity of Wisconsin La Crosse, Wt 54601, USA. 
‘Present address: Earth and Planetary Science, University 
‘of California, Berkeley, CA 94720, USA 
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ever, we need a better understanding of the 
relative importance of direct responses by indi- 
vidual species to climate versus responses medi- 
ated by changing interactions with resources, 
competitors, pathogens, oF consumers (9-14), We 
imposed projected future precipitation reg 
J in northern C 


‘over grass orn 10 
the importance to ecosystem response of direct 
effets on grassland species versus indirect ef 
fects arising from species interactions. 

Much of the C 
periences a Mediterranean climate, characterized 
by wet wi 


ers and long summer droughts. Eco- 
to climate change in 
with Mediterranean lit imes may 
aly driven by the redistribution of water 
and space (/5). Changes in seasonal water 


availability that affect plant phenology, for ex= 
ample, could lead to temporal mismatch betwee 
availability and consumer demand (6), 
can have important eflects on resource 
flow and ecosystem function (17). General cir- 
culation models developed at the Hadley Centre 
Climate Prediction and Research (HadCM2) 
and the Canadian Cent: for Climate Modeling 
and Analysis (CCM1) (/8) predict subst 
ineweases in precipitation over most of California 
but differ in the projected seasonality 
increases. The Hadley mode! calls for all 
tional rain to fall dur rrent winter rainy 
sas the Canadian model. projects 
increased rainfall extending into the current sum 
mer drought. The diserepancy between the two 
scenarios muy be critical to the fate of grass. 
land ecosystems in California, where summer 
drought severely constrains plant growth and 
the timing of rainfall is more important to an- 
nnual production and species composition than 
the amount (19-22) 
In 2001, we began 


i the © 


uge-scale rainfall ma 


nipulation in a northem Califomia grassland 10 


regimes for production and diversity of grassland 
plants and invertebrates. In a grassland at the 
Angclo Coast Range Reserve in Mendocino County 
N, 123° 37 48.4" W), 
plots were subjected to one of 
trea winter addition of 
water January through March), a spring 
on of water (April through June), and a 
unmanipulated ambient control (Fig. 1), Each 
watered plot received about 44 cm of sup. 
plementary water over ambient rainfall per yea 
roughly a 20 ‘mean annua pre 
cp Variability in both 
amount and timing at the study site (fig, S1), We 


‘cqucnees of these two projected 


ments: 


640 


Fig. 1. (A) Bird's-eye view of experimental communities in July 2002. A 
nearby road is visible as a gray strip, top right. Research described here 
is from 18 open-grassland plots (18 additional plots were used in sep- 
arate research). (B) Schematic representation of an experimental plot, 
shown as partitioned for measurement of plant biomass (30 900-cm 
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online (23), 
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subplots, small squares), plant species richness (two 2500-cm* subplots, 
large squares), foliar and flying invertebrates (two perpendicular 
sweep-net transects, dashed arrows), and ground-dwelling invertebrates 
(two pitfall traps, circles) (not to scale). Detailed methods are available 


www.sciencemag.org 
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Fig. 2. Watering treatment effects on (A) total plant biomass and (B to D) biomass of individual plant groups (note difference in scales), Data represent 
treatment means + 1 SE. An asterisk denotes a statistically significant treatment difference after Bonferroni correction for multiple comparisons, See table $1 


for factor significance, 
A Plant Richness B 
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Fig. 3. Watering treatment effects on (A) plant species richness and (B) invertebrate family 
richness, Data represent treatment means * 1 SE. Gray shading highlights the year that late 
natural rainfall mirrored the spring-addition watering treatment. See tables $2 and $3 for 
taxonomic listings of plant species and invertebrate families, respectively, 


examined treatment effects on plant produc- 
tion and species compasition over S consecutive 
Years and quantified responses of invertebrate 
hetbivores and their natural enemies over 3 
years (23), 

Eficets of increased rainfall depended eriti- 
cally on the seasonality of the inerease. Supple 
mental water addition during the wet winter 
Period produced moderate increases in plant 
production in some years of the study (Fiz. 2), 
but effects did not extend to higher trophic 
levels (Figs. 3 and 4), In general, communities 
in Winter-addition and ambient rainfall plots re- 
‘sponded similarly across years to annual varie 
ation in rainfall 

Extending the rainy season via spring water 
addition produced much more dramatic changes 
in the grassland community. Plant production 
more than tripled in the first year and’ more than 
doubled in the second compared with the eontrol 
(Fig. 2A), The strongest inital response was by 
nitrogen-fixing forbs, whose production in- 
creased by nearly two orders of magnitude with 
‘extended spring rainfall (Fig. 2B). Exotic annual 
grasses showed a weaker response 0 the first 
‘year of spring water addition, but after the 
proliferation of nitrogen-fixing forbs that year, 
annual yrass production rose dramatically (Fig. 
2C), These grasses, so-called winter annuals 
because they ane the first plants 10 germinate 


‘each year and are among the earbest to complete 
their life cycle ant senesce, generally Jo. not 
respond to extensions of the rainy season be- 
yond April (22, 24), Early phenology thus tim 
ited the direct response of annual grasses 10 
extended rainfall but allowed these plants 40 
‘benefit in the subsequent growing season from 
4 fenilization effect after dccomposition of abun- 
dant N-fixer fitter (25-27). As this process 
Was repeated year after year, the accumulation 
of annual grass litter suppressed germination 
and regrowth of keafy forbs (Fig. 2D), as has 
fofien been scen in Califomia annual grasslands 
(26, 28-30), and drove stcep declines in plant 
species richness (Fig. 3A). 

Shifls in plant composition in spring-addition 
plots had important consequences for bio- 
diversity and food web sinucture. Initially, ex- 
tended rainfall promoted increased plant species 
richness (Fig. 3A), and this increase, coupled 
\ith greater primary production and water avail- 
ability, supported greater diversity and abun- 
dance of invertebrate herbivores, predators, and 
parasitoids (Figs 3B and 4). As forbs were 
eliminated from spring-addition plots by annual 
grasses, however, plant species richness cok 
lapsed to nearly half that in control plots. With 
carly-senescing annual grasses increasingly dom- 
inating the resource base, food availability and 
habitat quality for higher trophic levels dimin- 


contrast, annual grass fitter has low nutritional 
Value, and monocultures of these plants offer 
Jess structural complexity than mixed grass 
forb assemblages. 

By the fifth year of the study, when heavy 
rains continued into summer in a natural 
fended rainy season throughout northem 


nia, spring-addition plots stood out as islands of | 


low biodiversity and reduced consumer abun 
dances (Fig. 3B and 4), In addition to the nearly 
50% reduction in-plant species richness. in 
spring-addition relative wo control plots, in 
vertebrate richness was 20% lower, and herbi- 
‘vore and predator abundances were each nearly 
0% lower than ambient values measured in 
control plots. This simplificat 
land community did not result fiom climatic 
conditions that were inherently: unfavorable 10 
production and diversity. Species at every trophic 
level benefited strongly from experimental ex- 
tension of the rainy scason in spring. 
pilots early in the study, just as they di fom a 
natural extension of the rainy season in winter 
addition and contro! plots late in the study. But as 
altered environmental conditions persisted! across 
years, individualistic responses by species 0 
‘imate were overshadowed by the lagged effects 
of altered community-level interactions. The con- 
sgruence between initial responses to artificial 
extension in spring-addition plots and responses 
in the grassland as a whole to naturally late rain- 
fallin year $ provides compelling evidence that 
these mechanisms are real rather than experi- 
mental artifacts 

certainty remains in the projections of glob- 
al climate models; indoed, the next-generation 
Hadley model (HadCM3) forecasts. decreased 
rainfall over much of Califomia (37). Yet under 
any scenario of future climate change, prediction 
of ecological effects will require understanding the 
‘web of interactions that mediate species- through 
exosystemt-level responses (/4). To date, forecasts 
of range shifis and extinction probabilities. are 
based lagely on species-climate envelope models 
(32-34), These models are powerful initial tools 
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Fig. 4. Watering teat- A 
ment effects on abun- 

dances (mean + SE) of 

(A) invertebrate herbi- 200 
vores, (B) predators and & 

(©) parasitoids, as mea- 2 150 
sured in sweep net and 99 
pitfall trap collections. & 
Gray shading highlights 59 
responses in the final 2 
year of the study, when = 9 


late natural rainfall mir 
rored the spring-addition 
treatment, 


h to explore semepenes of alter 
native clin anno fore- 
cast ngged impacts of akered. higher-order 
interactions that will govern the trajectories of 
ns under sustained climatic change: 
sarities are expected from the assembly 
‘of new combinations of species brought t0- 
ether by climate-induced range shifts, but 
these can also arise from environmental effects 
‘on the strength and direction of interspecific 
interactions without any change in species com- 
position (35, 36), The nature and seales of these 
cefccts ane best revealed by long-term experi- 
nents in natural field settings that improve un 
derstanding of how climate change impacts 
propagate through ecological communities. 
Indirect effects of climate on species will com- 
monly lag behind direct effects, but thei impor= 
tance makes system-level interactions crucial 10 
climate change forecasting even at subsecadal 
time seals, 
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An X Chromosome Gene, WTX, 
Is Commonly Inactivated in 


Wilms Tumor 
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Lynda Chin,’ A. John lafrate,” Daphne W. Bell,’* Daniel A. Habert 


tumor is a pediatric kidney cancer associated with inactivation of the W711 tumor-suppressor 


gene in 5 to 10% of cases. Using a high-resolution screen for DNA copy-number alterations in 
Wilms tumor, we identified somatic deletions targeting a previously uncharacterized gene on the X 
chromosome. This gene, which we call WW7X, is inactivated in approximately one-third of Wilms 
tumors (15 of 51 tumors). Tumors with mutations in WTX lack WI mutations, and both genes share 
a restricted temporal and spatial expression pattern in normal renal precursors. In contrast to 
bialletic inactivation of autosomal tumor-suppressor genes, WIX is inactivated by a monoallelic 
“single-hit” event targeting the single X chromosome in tumors from males and the active X 


chromosome in tumors from females. 


ns tumor (nephroblastoma) is the 
most common pediatric kidney eancer 
and is derived from pluripotent renal 


precursors that produce undifferentiated blaste- 
imal cells, primitive epithelial structures. and stro- 


smal components {reviewed in (/)]. In. 1972, 
Knudson and Strong proposed that Wilms 
tumor, like retinoblastoma, may develop as a 
consequence of Iwo independent rate-limiting 
genetic events, subsequently defined as biallelic 
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inactivation of a tumor-suppressor 
This prediction was bome out by the identifi- 
ion of WTI, inger transcription factor 
_gene on chromosome I1p13 that is targeted by 
germline heterazygous deletions in the WAGR 
syndrome (Wilms tumor, aniridia, genitourinary 
abnormalities, and mental retardation), by 
germline point mutations in the Denys-Drash 
syndrome (Wilms tumor, pscudohermaph- 
roditism, and nephropathy), and by somatic 
biallelic inactivation in Sto 10% of sporadic 
Wilms tumors (2-4). Aithough inactivation of 
WT affects only a small subset of eases, this 
gene has been shown to encode a m 
ulator of kidney development, which appears to 
be required for the survival and subsequent 
differentiation of renal stem cells (5, 6). Other 
known abnomnalities in Wilms tumor include 
activating mutations in the fi<atenin x 
(CTNNBI) on chromosome 3p22, which often 
coincide with 17 mutations (7) and epigenetic 
dysregulation of 1GF2 and HI9 (N) at the 
Beokwith-Wiedemann syndrome locus on ehro- 


er Fog 
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mosome IIpIS. In the majority of case 
however, no specific genetic abnormalities have 

been identified. 
To search for genetic abnormalities in spo- 
radic Wilms tumor, we perfinmed a detailed 
wide scan (70-kb megian resolution) for 


parative genomic hy bridization (array CGH) (9). 
In marked contrast to most adult epithelial can- 
cers, the baseline CGH profile in Wilms tumor 


(more than $ mb) DNA copy-number chat 
Per tumor after accounting for known cop 
number polymomphisms (/0, 11), As expected, 
we detected single-copy losses in a subset of 
cases, including known loci of loss of hetero. 
zygosity (LOH) at chromosomes 1p (18%), 16q 
(14%), Ip (6), and Tp 4%) (4, 12), LOH at 
chromosome 1p is commonly associated with 
gene conversion rather than single-copy loss and 
is therefore underrepresented in our amy CGH. 
analysis (/3). Notably, we detected small over- 
lapping deletions at chromosome locus XqU.L 

mors from $ out of 26 make patients. The 
deletions involved only one to throe probes 

ach case, with a overlap 
nplicating 4 singk previously uncharacterized 
¢ (FAMI23B FLI39N27) that we named 
WTX, for “Wilms Tumor 
chromosome” (Fig. 1. A 


ies with deletion breakpoints internal to W7X 
(Fig. 1). Genomic deletions were also analyze 
bby fluorescence in situ hybridization (FISH) 
(representative example in Fig. 1D), 

The endogenous IV7X transcript differed from 
that predicted by database annotation in the 3” end 


33. 
TNS Ts Tz Tat 


REPORTS [ 


and required assembly with the use of rapid am- 
plification of cDNA ends and reverse transcrip- 
tase (RT)-PCR from human and mouse CDNA 
SI). The full-length transcript (7.5 kb) en 
codes a protein of 1135 amino acids, containin 

a nuclear localization signal, two coiled-coil 
‘domains, an acidic domain that overlaps the first 
coiled coil, and a profine-rich domain (Fig, 2A), 
WTX orthologs are present in vertebrates, 
including zebrafish, but do not share subst 
ial homology with other genes of known fune- 
ion (fig. S2). 

To search for intragenic point mutations, 
we sequenced the entire coding region of WN 
in 82 Wilms tumor specimens, including the St 
cases previously analyzed by array CGH, Intra 
nic truncating mutations were identified in 
six tumors, including one nonsense mutation 
(Ang Ter, where Ter isthe termination of the 
chain) observed in two independent cases (table 
SI). All predicted protein truncations were N 
terminal 10 the second coiled-coil domain en 
coded by HTX (Fig. 2A). A seventh ci 
bored a missense mutation (Lys??—+-Asw 
affecting an evolutionarily conserved residue. 
Consistent with somatic events, EX mutations 
in matched normal tissue in all four 
cases where such tissue was available (Fig, 2B) 
(able $1), Mutations identified in eases without 
matched normal tissue were not detected in con: 
tol DNA fiom 269 healthy individuals 

In contrast 10 the classical bil 
Knudson model, the identification of somatic 
‘mutations affecting an X chromosome gene in 
sporadic Wilms tumor raises the possibility of 
one-hit” inactivation of a tumor-suppressor 
gene. This applies to the hemizygous deletions 
nd point mutations detected in makes and, ven 
that 7 is located in-a chromosomal region 


Fig. 1. Identification of WIX deletions in Wilms 
tumor. (A) Array CGH profile for a representative 
WIX deletion in Xq11.1 in a male patient. All 
‘robes on the X chromosome are shown. (B) 
Minimal region of overlap for deletions targeting 
WIX. Genes flanking WIX (arrows depict the 
direction of transcription), array CGH probes 
(Gquares), and a confirmatory qPCR marker (circle) 
are shown. The boundaries of deletions detected in 
five male Wilms tumor cases define a minimal 
region of overlap centered on WIX (bow). (C) 
Quantitative PCR of genomic DNA from five male 
‘Wilms tumors and one normal male kidney control, 
with the use of primers for the 5° and 3° ends of 
WIX. Tumors T13, 125, and T41. show complete 
absence of WI, whereas tumor T25 lacks only the 
5 end and tumor T32 lacks only the 3° end of the 
gene. Error bars indicate standard deviation. (D) 
FISH analysis demonstrating a somatic deletion in a 
‘male Wilms tumor (case 13) with the use ofa probe 
for WIX (red) and a probe for the X chromosome 
centromere (green) as a control. The tumor lacks 
the red WIX signal, whereas both signals are 
‘resent in matched normal tissue. Scale bars, 5 jim. 
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subject to X inactivation (/4), it would also apply 
to the heterozygous mutations detected in fe 
mualesif the active copy of the X chromosome is 
selectively targeted. To test this hypothesis, we 
Used FISH analysis to search for heterozygous 
WTX deletions in female cases and to determine 
Whether they affected the active or inactive X 
chromosome, Heterozygous WZX deletions in 
‘more reliably identified by 
FISH, compared with the initial array CGH 
analysis, presumably because of hi 
noise ratios for single-copy changes involving & 
all number of probes, Indeed, among 25 fe- 
male Wilms tumor cases analyzed, 6 showed de- 
lation of one HTX allele, as assessed by FISH 
with a probe for IVT and control peobes for the 
X chromosome centromere and a telomeric Xq 
locus (table $1) (Fig. $3). To determine whether 


signal-to- 


active X chromoson 
tivation by a single event, 

We extended this analysis 10 an intragenic 
mutation of W7X (Ghe™*—Ter) in a female 
Wilms tumor in which it was possible to compare 
the nucleotide sequence of PCR products gen- 
crated from genomic DNA or cDNA. Indeed, 
although the mutation was heterozygous in 
nomic DNA, only the mutant sequence was 
tected in the tumor-derived transcripts, consistent 
With monoallelic expression of the mutant copy 
from the active X chromosome (Fig. 2D). Tak 
together with the FISH analysis, these dats in- 
dicate that intragenic mutations and gross chro- 
mosomal deletions of 7X occur at comparable 
frequencies in male and female Wilms tumor 
‘cases and that in females they exclusively target 
the active X chromosome. 


Ikading 10 


point mutation in HTX contained mutations in 
WT! o¢ f-catenin (Fig. 2E), Whether inactivation 
of WTX defines a distinct subset of nephroblas- 
tomas remains to be investigated 

In contrast to other tumor-suppressor 
ITT has a developmentally regulated pattem of 
expression in the ozan an which the tumor arises. 
The restricted expression of 1777 in renal blas- 
temal stem cells and glomerular podocyte pre 
cursors is consistent with the presumed cell type 
of origin of Wilms tumor and highlights the key 
physiological role of 1777 in normal kidney de- 
‘velopment (/6). In the mouse, TV expresion is 
relatively high in the neonatal brain and kidney 
and then declines substantially in the mature oF- 
gans (Fig, 3A), Lung and spleen also express 
WTX, but with a less notable developmental 
profile. The temporal pattems of WN and WT 


ut 
allel 


pert 


for TN, the X chromosome centromere, andthe (21.6" 
inactive X chromosome coat 
four cases tested, the intact ITN gene 
c inactive X chromosome coated tected in throe eases (5,9 
al was detected in tations in four cases (7.8%), 
was overlap between ITI and fi-cateni 
mutations (two out of three cases with ITT mu metanephric mesenchyn 


(15), In 
Was present i 


by ist, whereas no HTN 


the active X 
bridization (F 


tions in Female Wi 


A 


‘ns hamors (82) 
Tumori 278 10 1315.19 24 25 29 32 33 34 36 37 39 41 49 50 51 55 57 58 65 73.74 76-82 
wx 
wr 
B-catenin| 
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deletions targeted the active X chromosome 


Giu334Tor 


formed simultancous FISH analysis copy alteratio 


chromosome that lacked ist hy- there 
ig, 2C), Heterozygous ITY dele 


tations). In 


‘Arg358Ter 


Overall, of 31 tu 


transcript Xist point mutations (total 15 out of $1, 29.4 
SI). In these tumors, HTT mutat 


ns were de- by RNA in situ hy 
@) and fcatenin mu- display a bi 
As expected ( 


joes tested for both gene- expression within the kidney are virtually iden- 
intragenic mutations, 11 tical, consistent with a wave of differentiation 
0) had WN deletions, and 4 (7.8%) had that is ongoing at the time of birth and is com: 


(table pleted by postnatal week 3 (Fig, 3B). Asassessed 
ridization, WT! and WIN 
h, but not complete, degree of 
‘overlap in expression in the kidney, Similar to 
WTI, WTX is expressed in the condensing 


e and! in early epithe 


ast, no tumor with a deletion or — Hial structures that are precursors to glomeruli 


Fig. 2. Analysis of WIX mutations in Wiims tumor. (A) Schematic 
‘representation of 7X and potential functional domains, including 
‘the nuclear localization signal (NLS), the two coiled-coil domains 
(CO, and the protine-rich domain (PR). The relative positions ofall 
‘point mutations are shown. aa, amino acids. (B) Representative 
cleotide sequence tracings ofa frame shift (left) and a nonsense 
imatation (right of WAX in male Wilms tumors and matching 
‘germline tissue. Arrows indicate the position of the two 
hemizygous mutations, 439 insertion T leading to 157Ter and a 
‘substitution of T for Cat position 1072, leading to Arg?**-Ter.(C) 
Representative FISH analysis of a Wilms tumor from a female 
patient showing a deletion of the WIX allele on the active X 
chromosome. Probes for the X centromere (bu), WIX (red), and 
Zit (green) were used. Only one copy of WXs present, associated 
with the inactive (ist positive) X chromosome (Xd. The active X 
chromosome (Xa) is marked by the X centromere probe but lacks 
both WAX and Xist. The same pattern was observed in all tumor 
cells, consistent with tumor clonality. Scale bar, 5 yim. (D) 
‘Sequence tracings of genomic DNA and cDNA from a female 
‘Wilms tumor case with a heterozygous WX mutation. Both alleles 
‘are detectable in genomic ONA but only the mutant allele is 
‘present in cDNA, indicating that only the mutant WX allele is 
‘transcribed, (E) Schematic representation of Wilms tumor cases 
‘wth mutations in WIX (red), WT (yellow), oF [catenin (Due). 
‘Although WT1 and fi-catenin mutations can be present in the 
same tumor, there & no overlap between mutations in WIX and 
mutations in these two genes. WIX mutations are listed in table 
‘SL. WT1 and fi-catenin mutations are listed in table $2, Tumors 
{through 51 (underlined) were tested for both deletions and point 
mutations in WIX. The remaining tumors were tested for point 
‘mutations only. 
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(Fig. 3, Cand D). Thus, both genes are present 
in the pluripotent cells that are the presumed 
precursors of Wilms tumor. 

Functional studies of WT and other genes 
implicated in Wilms tumorigenesis have been 
hampered by the absence of either mouse tumor 
models or experimentally. manipulable Wilms 
tumor cel Hines. Thus, we ectopically expressed 
WTX in cancer cell lines that have been used to 
model 1VT/ function, In human embryonic 
kidney (HEK) 293 cells and in U20S human 
‘osteosarcoms cells, transfection of IVY led to a 
marked suppression of colony formation (Fis, 
3E). Apoptosis was evident in HEK-293 cells 48 
hours aller ectopic expression of HTX (iz. $4) 


W22 


Studies in such heterologous cell types point to 
functional properties consistent with a tumor 
suppressor. but a more complete understanding 
‘of protein function will require in vivo studies of 
this developmentally regulated gene in the ap- 
propriate cellular context (5, 6). 

Our data sugges that ITV isa Wilms tumor 
‘suppressor gene with a potentially important role 
in normal kidney development. In addition, the 
localization of HTX on the X chromosome al- 
lows for complete inactivation by one mutational 
«event targeting the single X allele in males or the 
active X allele in females. X-linked familial syn- 
dromes with increased cancer risk (17-19) 
preferentially affect males. In contrast, IVZN'is 


4808 12 


re 
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fiequently altered in sporadic tumors by a single 
somatic event that affects both sexes: equally 

One-hit inactivation of a tumor-suppressor gene 
fon the X chromosome is a departure from the 
traditional bialletic Knudson model and has 
‘been postulated but never documented (20, 21), 

Although single-hit gene inactivation in Wilms 
tumor could Iead to greatly increased tumori- 
genesis, its restriction to a limited pool of 
pluripotent target cells within a specifi develop- 
‘mental window would mitigate this effect, As for 
WTX, high-resolution copy-number analysis and 
direct sequencing may be required for the iden- 
tification of other X chromasome tumor suppres- 
sors subject to monoallelic inactivation, given 
that they are not marked by the characteristic 
secondary allelic loss (LOH) traditionally used 
for mapping. Together with recently described X 
chromosome abnormalities in a subset of breast 
the fiequency of single-hit gene 
inactivation exemplified by HX suggests that X 
chromosome genes may play unappreciated roles 
in human cancer, 
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Fig. 3. Regulated expression of WIX. (A) qPCR quantitation of W/IX mRNA in mouse neonatal and 
adult tissues. (B) Comparison of the developmental time course of WTI and WIX expression in 
mouse postnatal kidneys. In (A) and (B), expression levels were normalized to glyceraldehyde. 
phosphate dehydrogenase (GAPDH) and displayed relative to neonatal kidneys. Error bars indicate 
standard deviation. (C and D) RNA in situ hybridization of human embryonic kidneys (week 13) 
showing similar but not identical expression patterns of WIX and WT. Condensing metanephric 
mesenchyme (M) and glomerular precursors (G) are indicated. Scale bars. 250 im. Insets are 
higher-magnification images of the mesenchyme (M). Scale bars, 100 um. (E) Suppression of 
colony formation after ectopic expression of WIX in HEK-293 cells and UZOS cells. Cells were 
cotransfected with a WIX expression plasmid (or empty vector) and a plasmid encoding a drug- 
resistance marker (puromycin). Experiments were performed in triplicate and drug-resistant 
colonies were stained after 2 weeks. Representative plates and mean colony numbers are shown 
(e standard error of the mean). 
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The DEAD-Box RNA Helicase Dbp5 
Functions in Translation Termination 


Thomas Gross," Anja Siepmann,* Dorotheé Sturm, Merle Windgassen,** John J. Scarcelli,? 
Matthias Seedorf,’ Charles N. Cole,” Heike Krebber*> 


In eukaryotes, termination of messenger RNA (mRNA) translation is mediated by the release factors 
eRF1 and eRF3. Using Saccharomyces cerevisiae as a model organism, we have identified a 
member of the DEAD-box protein (DBP) family, the DEAD-box RNA helicase and mRNA export 
factor Dbp5, as a player in translation termination. DbpS interacts genetically with both release 
factors and the polyadentyate-binding protein Pabl. A physical interaction was specifically 
detected with eRF1. Moreover, we show that the helicase activity of Dbp5 is required for efficient 
stop-codon recognition, and intact Dbp5 is essential for recruitment of eRF3 into termination 
complexes. Therefore, Dbp5 controls the eRF3-eRF1 interaction and thus eRF3-mediated 
downstream events 


EAD.bow RNA fs ae found in 


RNA mokecules, ray 
decay, 
triphosphate hydrolysis to rearrange RNA struc: 
tures or to dissociate RNA/protein complexes (/). 
The DEAD-box helicase Dbp shuttles between 


plex into the eytoplasm (2). Consistently, DbpS is 
localized to the nucles 
With components of the nuckar pore complex 
(NPC) (2, 3). Dp is also distributed within the 
cytoplasm of yeast, higher cul and hu 
rman cells, but a cytoplasmic function has not yet 


rim, where it imeracts 


from transcript 


They use the energy from adenosine uyoes, 


been defined (4-6) 
To get insights into jts cytoplasmic function, 


translation. Westem blot analysis of sucrose den 
sity fractionation experiments revealed that, like 
the polyadenylate-binding protcin Pabl, signi 
cant amounts of the extracted DbpS (~60% 
Which equals ~40% of the total DbpS) but not of 
Gal (a nuclear pore-associated factor) were 
detectable in polysome-containing fi 
(Fig. 1, A and B), The addition of puromycin, 
Which specifically disrupts polysomes, confirmed 
that DbpS co-sediments with polyribasome- 
containing mRNAs (ig. $1). A potential role of 
bp’ in translation is supported by the finding that 
dbpSiratS mutants are hyperset 
lational inhibitors (Fig. 1C), This effect is not due 
to defects in mRNA export, because ru/7-/, which 
in contrast to dlp displays strong mRNA export 
(Fig. 1D), is not hyper 
sensitive to those inhibitors, 
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itive to trans 


defects even at 25°C 
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the nucleus and the cytoplasm and is involved in we used Succharomnes cenvvisiae to investigate 

anslocation of the mature MRNAVprotcin com- whether DbpS associates with mRNAs during 
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Fig. 1. DbpS associates with polysomes during translation, and mutants are hypersensitive to 
translational inhibitors. (A) Supernatants of cell extracts of log-phase wild-type cells, expressing 
functionally green fluorescent protein (GFP}-tagged versions of GFDI, DBPS, or PABI, were 
fractionated through 15 to 50% sucrose gradients and subjected to Wester blot analysis. Antibodies 
to Rps3 detected endogenous ribosomal protein. Absorbance at 254 nm (OD, optical density) shows 
the distribution of ribosomes. The ratio of the extracted proteins is shown as follows: amount of the 
unbound proteins (left) or mono- and polysome-bound proteins (right. (B) Quantification of at least 
three independent experiments shown in (A). (C) Growth of wild-type (WD), rat7-1, rat8-2, and rat8-3 
strains on yeast extract, peptone, and dextrose (YPD) medium with and without translational inhibitors 
in 10-fold serial dilutions of similar cell numbers. (D) mRNA localization in log-phase wild-type, rat7-1, 
and rat8 mutants at 25' 
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Fig. 2. Genetic and physical interaction of DbpS/Rat8 with translation 
termination factors. (A) Growth of all indicated double mutants carrying a 2 
URA3 vector encoding either DBPS or SUP35 SUPAS and all single mutants 
cartying an empty vector was analyzed on ~URA- and 5'-fluoroorotic acid 
(FOA)-containing plates that select for the loss of plasmid. (B) Immuno 


Fig. 3. DbpS is re- 
quired for efficient stop 
codon recognition. (A) 
Readthrough activities 
in wildtype, raté-2, and 
dbhiA are. shown, All 
strains carrying either of 
the reporter constructs 
‘were grown to log phase 
and shifted to 37°C for 
15 min before cell lysis. 
fraalactosidase and lu- 
ciferase activities. were 
measured and their ra- 
tios were used to caleu- 
late the ‘elative molar 
luciferase expression. (B) 


> 


Readthrough activity [*e] 


7at8-2 anny, 
(ops) “n'a 


Se 


wr 


Suppression of the termination readthrough defects of mutations in eRF and eRF3 by 
increased (PoausO8P5) DbpS level. All strains cartying the reporter construct and a OBPS 
plasmid were treated as described in (A) The readthrough activity of al strains is shown. (C) 
Catalysis activity of Dbp5 is required for sup45-2 suppression. The experiment was done as 
described in (B), with active DbpS (PouxDBP5) versus an inactive DEAD-box mutant 
cau sdbp5 £2400) and Ohh1 (Peu,DHHI). The results of at least 10 independent 


experiments are shown. 
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rat-2 
anni 
(dbp5) 


precipitation of functionally tagged versions for the endogenous release factors, 
(see fig. 53) of eRF1 (Sup45-GFP), eRFS (Sup35-GFP), and Pab1-GFP with Mye- 
tagged Dbp5. Total lysates were split and incubated with or without RNase, and 
[DbpS-bound proteins were detected on Western blots with an antibody to GFP. 
Endogenous Porl served as a negative contol 
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Different genetic approaches were carried 
‘out to investigate in which phase of translation 
DbpS might be acting. DbpS overexpression 
studies revealed that mutations in genes encod~ 
ing initiation or elongation factors were not 
suppressed by high-copy DBPS, whercas mu- 
tations in both of the eukaryotic release factors 
RF (SUP4S) and eRF3 (SUP35),as well as a 
‘mutation in Pabl, were specifically suppressed 
$2), Moreover, similarly to the synthetic 
lethal effet a 


dbpS/rat8 mutants are synthetically lethal with 
mutant eRF1, and the growth of dbpS/ratS 
is severely inhibited when combined 
with mutant eRF3 or Pabl (pabl-53) (Fi. 
2A), indicating a potential function of Dbps 
in translation termination, 

‘Translation termination is mediated by rec- 
‘ognition of a stop codon via the transfer RNA 
(QRNA)-mimicking protein eRFI and subse- 
‘quent hydrolysis of the ester bond connecting 
the polypeptide chain and the (RNA, stimulated 
by the guanosine triphosphatase activity of 
eRF3. Although eRF3 is unable to promote in 
Vitro termination on its own, it enhances eRFL 
vity (7), Direct interactions between Pabl 
have been described in yeast, frog. 
lian cells (7, 8), and overexpres- 
sion of PABI in yeast suppresses effects 
associated with mutant eRF3 in vivo, sug- 
gesting a functionally important 
these proteins for termination (9), possibly as 
bridging fictors to channel the terminating 
ribosomes back to the $” end of an mRNA (8), 
To get insights into how DbpS might contact 
the termination machinery, we performed co- 
immunoprecipitation experiments that revealed 


mieraction of 


a stable interaction between DbpS and eRFI 
(Fig. 2B and fig. S3B). In contrast. no. in- 
teraction between DbpS and eRF3 was found, 
whereas an interaction between Pabl and DbpS 
‘was ribonuclease (RNase) sensitive, indicating 
concurrent binding of Dbp5 and Pabl to the 
same mRNA but no simultaneous presence of 
DbpS and eRF3. 

To demonstrate an active role of DbpS in 
translation termination, we assayed the stop co- 
don recognition under different conditions. First, 
we showed that like eRFI and eRF3 mutant 
dbpSiratS mutant cells. show increased termi- 
nation readthrough activity in luciferase dual- 
reporter assays (Fig. 3). The assay is based on 
compared expression of -galactosidase and 
luciferase open reading frames, separated by a 
stem loop oF a stop codon (fig. S4A), which 
allows us to compare the frequency of trans- 
lational readthrough in different strain back- 
grounds (/0). In agreement with previous 
sults, we found a basal readthrough activity 
of ~15 to 17% in wild-type cells(/0). Although 
mutant dépS did not influence readthrough 
activities in the presence of the stem loo 
DbpS was clearly required for efficient ro 
nition of the termination codon, in contrast to 
Dhhi (Fig. 3A). Dhht is another DEAD-box 
RNA helicase family member, which has been 
implicated in connecting translation to mRNA 
degradation, because it can act as a trans- 
lational repressor and an activator of mRNA 
decapping (/1). However, in contrast to dbpS 
(Fig. 2A), no genetic interaction between 
1 and any of the termination-factor mu- 
was detected (fig. S4C), The rate of read- 
through in dbpS mutant cells was very similar 
to that seen with a mutation in eRF3 (Fig. 3B), 


The termination readthrough defects in eRFL 
and eRF3 mutants were fully suppressed in 
the presence of high-copy DbpS but not Dhht 
(Fig. 3, Band C). This was confirmed in a dif= 
ferent assay, in which the decreased trans- 
lational fidelity of either defective release 
factor, reflected by decreased growth rates in 
the presence of paromomycin, was effi 
suppressed by high-copy DBPS ( 
Moreover, catalytic RNA helicase act 
DbpS is required for this suppressio i 
mutation in its DEAD-box. Glu?”+GIn™™) 
prevented suppression (Fig. 3C). 

Besides functioning as an eRF I-stimulating 
protein, eRF3 is a key mediator that transmits the 
termination signal to mRNA decay (7). The RNA 
helicase Upfl (human RENTI or HUPF1) ix 
involved in the nonsense-mediated decay (NMD) 
of aberrant mRNAs, and deletion of UPF leads 
40 an inereased termination readthrough (/2) 
Although Upfl and its interacting proteins Up 
and Upf3 are capable of binding to eRFS, it is 
hypothesized that Pabl competes for this inter- 
action and thereby precludes the binding and 
destabilizing activities of these NMD factors at 
‘normal termi ng a role for Up in 
coupling pre MD 
rather than function in regular translation (/2) 


DBPS stabil ID substrates and found 
that this is not the case, in contrast to up/TA 
(fig. SSA), Also, neither genetic interactions 
between dbpS mutants and up/T, up/2, or ups 
deletion strains, nor genetic interactions: be- 
tween upf7.A and either eRF | or eRF3 mutants, 
were detectable (fig. SS, B and C), in contrast 
to the synthetic growth defects detected be- 
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Fig. 4. Active Dbp5 is required for the incorporation of eRF3 into translation 
termination complexes. (A) Sucrose fractionation experiments (with 15 to 
50% sucrose gradients) of log-phase wild-type and rat8-2 strains shifted to 
37°C for 20 min were performed, and Western blot detection of TAP-tagged 
‘SUP35, SUPAS, and GFP-DBPS or GFP-rat8-2, respectively, and Rps3 is 
‘shown in wild-type (upper panel) and rat8-2 (lower panel) cells. The ratio of 
the extracted proteins is shown as follows: amount of the unbound proteins 
(eft) or mono- and polysome-bound proteins (right). (B) Top: Sup35-TAP 


‘control is shown. 


Purification from log-phase wild-type and rat8-2 cells expressing SUP45-GFP 
shifted to 37°C for 20 min prior to lysis is shown as total lysates and purified 
proteins (bound) after incubation with protein A for 3 hours with or without 
RNase. Sup45-GFP and Por1 (negative contro) were detected with antibodies 
to GFP and Por1, respectively. Bottom: Immunopreciptations of endogenous 
eRF1 from wild-type, upf1A, rat8-2, and ratd-3 cells treated as described 
‘above are shown. The presence of endogenous eRF3 and Fechi (negative 
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‘ween dhpSirat8 and cither release-factor mu- 
tant (Fig. 2A), Further, the readthrough defe 
of dbpSirat8 and either upf mutant are not 
additive (fig. SSD). Together, these findings 
suggest a general function for Dbp$ in trans- 
lation termination and support an exclusive 
function for Upft on NMD substrates 

‘To gain mechanistic insights into the function 
‘of DopS during translation termination, we com 
2 t0 those of the wild- 
ratS-2 is defective in the 
ino termination complexes 
(Fig. 4A), In a wild-type strain, roughly 60% of 
extracted DbpS, eRFI, and eRF3 is ribosome- 
associated. In contrast, eRF3 is almost absent 
m the ribosomal factions (12%) in rut8-2 
cells at the nonpermissive temperature, whereas 
approximately 58% of both DbpS and eRFL re- 
mained polysome-associated, indicating that 
inact DbpS is required for eRF3 entry into the 
termination complexes, The corresponding 
FRNA profiles revealed an elevated monosome 
cells (resulting in three mono 


‘some fractions in the Westem blot) as compared 
1. 


to the wild-type (two fractions) or rut7-1. 
cting the influence of Dbp$ on translation 
g, $6), The defect of the dhpS/rat8-mutant 
in eRE3 recruitment was further confirmed by 


analysis of the interaction between eRFI and 
eRF3 (/3), which was completely lost in 
dbpS/rat$ rwstant cells, in contrast to wild- 
type oF up/TA strains (Fig. 4B). 

Together our data reveal a requirement for 
functional DbpS for the entry of eRF3 into ter- 
mination complexes and support the following 
model, Once the ribosome has reached a te 
mination codon, eRFI is recruited to the 
mRNA, possibly by DbpS. The RNA helicase 
activity of DbpS might remodel the mRNA: 
protein complex 10 allow proper eRF1 posi 
tioning on the stop codon and thus an efficient 
termination reaction. Subsequent dissociation 
of DhpS from eRF1 is followed by the entry of 
€RF3 into the complex, which promotes the 
release of the peptide chain and allows ¢RF. 
mediated downstream events. Thus, DbpS is 
involved in translation termination through its 
interaction with eRFI, and it controls the sub- 
sequent eRFI-eRF3 interaction through its 

isociation from RF 
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Yeast Rtt109 Promotes Genome 
Stability by Acetylating Histone 


H3 on Lysine 56 


Robert Driscoll, Amanda Hudson, Stephen P. Jackson* 


Posttranslational modifications of the histone octamer play important roles in regulating 
responses to DNA damage. Here, we reveal that Saccharomyces cerevisiae Rtt1O9p promotes 
‘genome stability and resistance to DNA-damaging agents, and that it does this by functionally 


‘cooperating with the histone chaperone Asf1p to mai 


normal chromatin structure. 


Furthermore, we show that, as for Asfip, RIt109p is required for histone H3 acetylation on 
lysine 56 (KS6) in vivo. Moreover, we show that RttL09p directly catalyzes this modification in vitro 
in a manner that is stimulated by Asf1p. These data establish Rtt109p as a member of a new 


lass of histone acetyltransferases and show that its actions are critical for cell survival 


presence of DNA damage during S phase. 


egulation of retotranspositon (RTT) by 
R= Saccharomyces cerevisiae Ty trans- 

poson is intimately linked to the DNA- 
damage response (DDR), as many proteins are 
known to play roles in both pathways (/). We 
therefore reasoned that uncharacterized: RTT 
{genes might represent novel DDR factors. Al- 
though RTT109 has not been characterized 
in detail, it was previously linked to the DDR 
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the 


weigh zenomewide studies systematically iden- 
fying mutants required for resistance 1 ge- 
notoxic agents (2, 3), To further characterize 
Ritl09p, we generated a deletion mutant (table 
SI) and examined its sensitivities 10 a wider 
range of DNA-damaging agents. We found that 
P1099, rwatants. wore hypersensitive wo agents 
that generate replication stess (Fig. 1A, top). We 
abo observed hypersensitivity of rit/094 cells to 
continuous growth on plates containing phico- 
mycin, an ionizing radiation (IR) mimetic that 
induces DNA double-strand breaks (DSBs), 
However, rit]09A cells were not markedly hy 
porsenstive to acute IR treatment (Fig. 1A). 
(Chronic DSB induction by phleomycin impinges 


con S-phase repair pathways, whereas most cells 
in an asynchronous culture, when subjected 10 
acute IR treatment, arest cell eyele progression 
and repair the DNA damage in Gy (4), Together, 
these results suggest a role for RIO%p in DNA 
damage tolerance during S phase, 

In addition to displaying DNA-damage hy 
persensitivity, we observed that 111/098 cells 


‘were slow growing. Flow eytometric analysis of 


an asynchronous 21/09, culture revealed high 
proportion of cells in the Gy-M stage of the eell 
ceyele (Fig, 1B), Furthermore, the DNA content 
profile for ri 094 cells was much broader than 
for the wikl type, revealing that cell growth 
continued despite slowed cell eyeke progression. 
Cells lacking both R77109 and MECI (which 
encodes the central DNA-damage checkpoint 
kinase) had a budding index equivalent to that 
of the wikbtype strain ( 
thatthe altered cell cycle profile of 1/094 cells 
reflects activation of the DNA-damage el 
point. This was confirmed by the presence o 
prnially phosphorylated DDR effector kinase 
RadS3p in ri1J09A cells, indicative of chronic 
checkpoint activation (Fig. 1), 

Quantification of DSBs can be used to assess 
the presence of DNA damage in yeast cells (5, 6) 
Siri we found that RadS2-YFP f 
markers of DSBs—occur at much higher fre- 
quencies in 11/094 cells than in wild-type cells 
(Fig. ID). Very few foci were seen in wikltype 
cxlls and unbudded 11/094 cells, whereas they 
‘eceurrad in around 40% and 75% of stall-budded 
and lange-budded 71/094 eels, coresponding to S 
and Gz cell, respectively. These data therefore 
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ndicate inereased spontaneously arising DNA 
damage in cells lacking RU109p, and suggest that 
largely arises during $ phase. To ex- 
amine the effeets of this DNA dama 
stability, we measured rates of gross chromosomal 
rearrangements (GCRs) (7), Ths, we found that 
RITIO9 deletion increased GCR rates about 
ninefold compared with wild-type cells (Fig. 1E), 
As a futher test for genome instability in 11098 
cell, we used a system fo measure spontancous 
recombination between tandem direct repeats (9). 
This revealed that RTT/09 deletion yields a 
‘moderate hypenecombination phenotype, simikw 
to that exhibited by an ses/A hypeecombination 
‘mutant (Fig. 1F), These data indicate that 11/09, 
mutants display increased zenomnic instability, pos- 
sibly as a consequence of spontaneously arising 
DNA damage and, furthermore, suggest that this 
reflects defects in responding to andor repairing 
DNA damage arising during S phase 

We noted that the phenotypes of 11/098, 
is were similar to those reported for stra 
lacking the histone chaperone Astlp (9, 10) 
and that larg 


-scake genetic network analyses 


had revealed that the genetic interaction ppro- 
file of R7T109 is highly similar to that of ASF 
(1, 12), which suggests they might act within the 
same pathway, Indeed, we found that the 721/098, 
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Fig. 1. 1tt109A cells display hypersensitivity to DNA-damaging agents, 
DNA-damage checkpoint activation, and genomic instability. (A) Serial 
dilutions (10-fold) of the indicated mutants were spotted on yeast extract— 
peptone-destrose medium with adenine (YPAD) alone or on YPAD con- 
taining the indicated drug (see text). (B) The DNA content of asynchronous 
cultures of wild-type (WN and ritIO9A strains was determined by flow 
cytometric analysis. (C) Electrophoretic mobiity of RadS3p was analyzed in 
extracts from asynchronous cultures of wild-type (WT), rft209, and asf1. cels, 
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asf1A double mutant was no more sensitive to 
hydroxyurea (HU) or methyl-methanesulfonate 


Asflp stimulates histone deposition by 
the CAF-1 chromatin assembly comples in vi 
as in a distinct andior partially 
‘overlapping role in providin DNA 
dan mts (14). To address whether Rit109p 
ako acts synergistically with CAF-L 
bined the RTT109 deletion with a distuption of 
CACI, which encodes a CAF-L subunit, As for 
axf1S caclA cells, rH1098 cacl cells we 
more sensitive to HU or MMS than the single 
mutant strains. Furthermore, 111094 asfTA cael, 
cells were no more sensitive than 109A cael 
cells (Fig. 2A), From these data, we conclude that 
Rit109p acts m the same pathway as Asflp in 
providing resistance to DNA-dama sts 
Given the reported role of Asflp in promot 
ing nucleosome assembly (10, 13), we also an- 
alyzed the supethelical density of the 2 plasmid 
in 1094 cells. RTT109 deletion caused a shift 
in the distibution of 2). topoisomers, which in- 
dicated increased supercoiling compared with 
wildtype cells (Fig. 2B), Funhermorc, a similar 


tro (/3), it also 


tribution was caused by 
further change was so 


200MM HU Sigil CPT 


Rona 


GCR rate (x10°8) 
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results therefore indicate that RU1O9p and Asfip. 
act together in governing chromatin structure. 
ity and slow 


acetylation on histone H3 lysine 56 (113-K36) 
(Z5), but it has hitherto been unclear why 
acetylation is absent in asfTA cells or which his 
tone acctyltransferase (HAT) is responsible for 


acctylating this residue (/6), Because of the epi- 
static relation between Asflp and Rit109p, we 
od histone H3-KS6 om in rt 109S 
cells and found an absence of detectable KS6 
acetylation (Fig. 3A), Although either R77109 
deletion cr mutation of histone 1B-K36 to arginine 
resulted in hypersensitivity toward HU, the double 
mutant was no more sensitive than the single 
rnustants (Fig. 3B), Growth curves also revealed an 
epistatic relation between the two rmutants (Fig. $2), 
Which indicates that the growth defiet of 1109S, 
eels is duc to loss of HB-K56 acetylation, 

We reasoned that Ri 09p could cither facil 
inate KS6 acetylation or prevent KS6 deacetyl 
tion by the known histone H3-K56 deacctylases 
Hsp Hst4p (17, 18), We found that, despite ele 
vated K56 acetylation in the absence of Hst3p. 
and Hst4p, K56 acetylation was undetectable 
in a hst3A hst4A 111094 triple-mutant strain 
(Fig. 3C), which suggested that Rtt1O9p acts, 


rtt1098 


iS 


ar 


mtO9S gst 


° 


ae 
: 
4 
§ 5 
H 
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and WT and 1111094 cels treated with phleomycin for 1 hour. (D) Cells 
displaying RadS2-yellow fluorescent protein (YFP) foc as a function of cell 
‘cycle position determined by bud sie; the mean and standard deviation of two 
independent experiments are shown. (E) GCR frequency was measured for the 
indicated strains (7; the mean and standard deviation of three fluctuation tests 
ate shown. (F) Recombination frequencies were measured in the indicated 
strains with a direct repeat recombination assay (8); the mean and standard 
deviation of three fluctuation tests are shown. 
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Fig. 2. Effects of R7T109, ASF1, and CACI A 
disruption on DNA damage sensitivity and 2 
plasmid supercoiling. (A) Serial dilutions (10- 

fold) of the indicated strains were plated on 

YPAD or YPAD containing HU or AMMS. (B) DNA 
isolated from the indicated strains was electro- 
phoresed on an agarose gel containing chloro- 

Quine. (Left) Superhelical density of the 2u 
plasmid was analyzed by Southern blotting and m 
hybridization with a radioactively labeled 
probe. (Right) Topoisomers were quantified by 
densitometric tracing, 
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Fig. 3. RIt09p is needed for histone H3-KS6 acetylation in vivo. (A) 
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Western blot analysis of whole-cell extracts isolated from the indicated E 

strains was performed with antibodies specific for histone H3 or histone H3 o 20 40 60 80 _100_120 min 120 
acetylated on K56 (H3-K56 Ad (B) Serial dilutions (10-old) of the M109 as = = 6 
indicated strains were plated on YPAD or YPAD containing HU. (C) Whole- > 

cell extracts from the indicated strains were probed with antibodies for 43-K56 Ac ae ———_ > 80 

histone H3 and histone H3-KS6 Ac. (D) Serial dilutions (10-old) of the 00 

indicated strains were plated on YPAD at the indicated temperature. (E) cee —. — a 

(Right A strain expressing a hemagglutinin (HA)-tagged version of R109; p 

was arested in Gr with factor and released, Samples were taken at the S070 HS | Saneeerereraarmere | << 25 

indicated times for fuorescence-actvated cel sorting (FACS). (ef Western ea 

analysis was performed, probing forthe indicated proteins with Pokip and POX? [ a 


histone H3 as loading controls and Clb2p as a GyrMt marker. 
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Fig. 4. Rttl09p displays histone acetyltransferase activity in vitro. (A) 
PHIAcetyl-CoA was incubated with histone octamers, bovine serum albumin 
(BSA), Rtt109p, or Ast1p as indicated. The *H counts were measured the mean 
and standard deviation from six independent experiments are shown. (B) Half 
the reaction mistue from (A) was electrophoresed on an SDS-polyacryamide gel, 


to promote H13-K56 acetylation. Consistent with 
these findings and as reported for ASF de- 
letion (/7), we observed that R77/09 del 
suppressed the temperature-sensiive growth defect 
of a Ast3A Av strain (Fig. 3D). Furthermore, 
because 113-K56 acetylation shows cell eyele con 
trol (/9), we examined RitlO%p expression during 
cell cyck progression, Thus, we found that 
Riv109p levels peak just before maximal K56 acet- 
ion (Fig. 3E), as would be expected if Rit 
is required for generating this modification. 

‘To examine whether and how Rt 1O9p might 
mediate H13-K56 acetylation, we expressed and 
Purified recombinant RULOSp and ASHI. Hise 
tone acetylation assays revealed that, although 
histone H3 acetylation took place with RitlO9p 
‘alone, this activity was enhanced in the presence 
of Astip (Fig, 4A). Autoradiographic analysis 
‘of the reactions also revealed that RttlO9p auto- 
acetylates and weakly acetylates Asflp, but not 
bovine serum albumin (Fig, 4B). Moreover, 
Westem immunoblots of acetylation reactions 
probed with an antibody directed against acety- 
lated HB-K36 revealed that AsfIp markedly 
stimukates the ability of Rit109p to acetyate this 
(Fig, 40). This finding indicates that Asfip 
govems the substrate specificity of Rit109p. 
Because we have been unable to obtain 
evidence for a physical interaction between 
Asfip and Rt109p, we currently favor a model 
\Whereby an Asflp-H13/H14 complex proviikes the 
‘optimal substrate for 13 acetylation by Rit09p, 
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against H3-K56 Ac. 


Taken together, our findings reveal that S. 
cerevisiae Rit1O9p is the predominant HAT for 
histone 113-K56 in vivo and that this acetylation 
plays a critical roke or roles in conferring resist 
ance to spontancously arising or experimentally 
induced DNA damage or replication stress. No- 
tably, although the putative acetyl-CoA binding 
sites of various previously known acetyliransfe- 
ses display some sequence homologies. with 
‘one another (20), we have not found si 
homologies between these and RW1O%p. This 
raises the possibility that RIt109p evolved cata- 
Iytic activity independently of other known 
HATS and highlights the prospect of there being 
funher as-yetuncharacterized acetyhransferases 
that have not come to light through sequen 
analyses. Finally, our findings provide a mec! 
anism for how ASfl promotes histone 13 ac 
lation and thereby influences chromatin structure 
and genome stability 
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Rtt109 Acetylates Histone H3 Lysine 56 
and Functions in DNA Replication 


Junhong Han,* Hui Zhou,” Bruce Horazdovsky,? Kangling Zhang, 


ing Xu, Zhiguo Zhang™* 


‘Acetylation of histone H3 lysine 56 (H3-K56) occurs in S phase, and cells lacking H3-KS6 
acetylation are sensitive to DNA-damaging agents. However, the histone acetyitransferase (HAT) 
that catalyzes global H3-K56 acetylation has not been found. Here we show that regulation of Ty. 
transposition gene product 109 (Rtt109) is an H3-K56 HAT. Cells lacking Rtt109 or expressing 
#1109 mutants with alterations at a conserved aspartate residue lose H3-K56 acetylation and 
‘exhibit increased sensitivity toward genotoxic agents, as well as elevated levels of spontaneous 
‘chromosome breaks. Thus, RIt109, which shares no sequence homology with any other known 


HATs, is a unique HAT that acetylates H3-K56. 


N: ‘of = 146 base pairs of DNA wrapped 


around a histone octamer (/). Many diverse eek 
Jular fanetions are regulated through the module 


structure, and postranstational 
modifications of core histones are key t0 this 
modulation (2-4), Indeed, histone modifica 


tions are known to play: an important role in 
transcriptional regulation, However, the role of 
histone modifications in DNA replication is not 
well studied (5). Acetylation of tysine $6. on 
histone 113 (HB-KS6) hay been implicated in 
regulating replication, because H3-KS6 is tran- 
sienily acetylated during S phase. In addition, 
cells with alterations in 113-56 acetylation dis 
play inereased sensitivity towand certain DNA- 
damaging agents (6-10), Histone deacetylases 
responsible for deacetylting, H3-KS6 have re= 
cently been discovered (HIst3 and Hs) (17, 12), 
but the histone acctylransferase (HAT) that ab- 
ally acetyltes 13-KS6 has not boon found (S) 
To identify the 113-KS6 HAT, we screened 
4700 Viable yeast deletion mutants for their 
elect on H3-K56 acetylation using antibodies 
that specifically recognize acetylated H3-KS6 
(ZO) (UB-KS6Ac; Fiz. 1A, top). From this 
sereening procedure, two genes were Mentified 
that, when deleted, abolished HB-K56 acetyla- 
SFI and RTTIO9 (Fig. 1A), Westem 
blot analysis of whole-cell extacts prepared 
from the asfIA and ri1094 mutant strains 
(table $1) confirmed that deletion of ASFY o 
RTTIO9 abolishes U13-KS6 acetylation. As a 
control, methylation of HB lysine 79 was 
unaffected (Fig. IB). Others have also recently 
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shown that mutation of Asfl abolishes acetyla- 
-KS6 (1, 13). However, Asf is a 
histone chaperone and does not appear to have 
intrinsic HAT activity (4). 

RITI09 was originally idemitied in a genetic 
sercen for regulators of transposition of the 
yeast retrotransposon Ty! (15), but its biochem. 
ical function remained unknown. Therefore, we 
tested whether recombinant R109 had HAT 
activity toward IB-K56, Purified recombinant 
Rit109 was incubated with HB tetramers 
the presence of [Illacetyl-coenzyme A (acetyl 
CoA), and the incorporation of (*H}scetate into 
proicins was analyzed. Indeed, Rul09 incorpo 
rated [HJacetate into protcins (Fig. 2A) and did 
so in a concentration-dependent manner (fig. SI) 
Furthermore, Ritt09 acetylated itself and 113- 
K56, but not I4 (Fig. 2, B and C), in vite. 
Similar to recombinant Rit1O9, R109 purified 
from yeast cells also acetylated 113-K56 (Fig, 2D 
and fig. S2). Thus, Rit109, both in recombinant 
form and as a complex purified from yeast cells, 
exhibits HAT activity towand 113-K6, but not 
114 in vito 

‘Analysis of the amino acid sequence of RAO 
did not reveal homology to the catalytic domai 
‘of any known HATS, Canonical HATs such as 
GenS and Esal use a ghitamate residue con 
served in each HAT family to deprotonate ly 
sines before acetylation (16). We reasoned that 
RitlO9 may use a negatively charged residue for 
catalysis in a similar manner. Thus. we made 11 
site-specific 7209 mutants by replacing aspar- 
tate (D) and glutamate (E) residues with alnines 
(A) (fig. $3) and tested their effects on HB-KS 
acetylation in yeast cells. Nine of these mutants 
had lite effect on HD 
but two, DSA and DD2S 
the loss of H3-KS6 acetylation in yeast cells 
(Fig. 2E). Each of these three aspartate residues 
\was then mutated to asparagine (N). The D89N 
mutant cells lost H3-K56 acetylation, and the 
DD2S7 ISSNN mutant cells exhibited a sii 
icant reduction in H3-K56 acetylation, whereas 
the D287N and D288 mutants had little ef 
foct (Fig. 2E). Consistent with the effect of these 
mutants on H3-K56 acetylation in yeas cells in 


REPORTS. [ 


vitro HAT assays revealed that the Rttl09 mu- 
tant proteins DS9A, DSN, and DD2S7 288A 
lost the ability to acetylate H13, whereas the 
Rit109 mutant DD287 28¥NN exhibited a re 
duced level of HAT activity, and the single mu- 
tants D287N and D2S8N had similar levels 
of activity compared with wild-type enzyme 
(Fig, 2, F and G). The inability of R109 mu- 
tants to acetylate 113 was not likely due to dis- 
ruption of the overall structure of the mutant 
Proteins, because these RI109 mutant 
Vps75, a known Rit109-interacting. prot 
(Fig. 2H). These results demonstrate that D89 is 
essential for the HAT activity, whereas D287 
and D288 are not essential, but contribute t0 this 

ity. DS9 may serve as the deprotonation 
and D287 and D288 may serve other 


resid 
functions such as binding 1o histones and/or 


acetyl-CoA. All of these aspartate residues are 
conserved among the Rit109 family members 


KSOR) display inereasexl 
ry agents (6, 8), 
inchading camptothecin (CPT), hydroxyurea (HU), 
nsthannesulfonale (MMS) (/6), There- 


ee, 
a © <rrtoms 
ee 
© cms 
ee 
Pons Ho KS8Ae blot 


Fig. 1. (A) Rtt109 and Asf1 are required for H3- 
56 acetylation. The total amount of protein from 
yeast cell extracts was revealed by Ponceau S 
staining (Pon S, left panel) and H3-K56 acetylation 
was detected by Western blot with antibodies that 
recognize H3 acetylated at lysine 56 (H3-K56AC, 
right pane). Membrane regions surrounding the 
spots corresponding to H3-K36A, rtt109\, asf1\ 
‘Grrowheads), and wild-type (WN) cells are shown, 
{B) Acetylation of H3-K56 is not detected in H3- 
KS6A, rtt109A, and asf1A mutant cells. Western 
blot was performed to examine whole-cell extracts 
from cells as shown, with antibodies against his- 
tone H3 (H3), H3-K56Ac, H3 methylated at lysine 
79 (H3-K79me), and PCNA. 
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the sensitivity of r/094 cells and rit 109 
pecific mutant cells to these genotowi 
was determined, The rit]09A cells and cells ex 


and DD2 


pressing /11J09 aspartate mutants (D89, DS9N, 
A.A) that lacked H 
lation exhibited sensitivity toward CPT, HU, 


K56 acety- the 


and MMS to a degree: 
56 mutants, Furthermon 
2SSNN cells, where H3-KS6 


HE-K. 


ilar to cells expressing 
. the DD287 
acetylation was 


mA Ct Bas OE emsoo- 
— zane 2 0h th ah 
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; ae ppeplistthe 
Fig. 2. Rit109 is a HAT that Ee Leeds ee. 
acetates itself and H3-KS6, (A) 
GST-Rtt109 displays HAT activity. 
Purified recombinant Rtt109 (CBB Avtoradiograph i 
He petal a ta. ae 
100-Fag 


protein used as a control, were incubated with recombinant H3/H4 
tetramers in the presence of [?Hlacetyl-CoA, and the incorporated 


i. 


a ee o, 
egret 


PHlacetate was detected by scintillation counting. The mean and 
Standard deviation from three independent experiments are shown. 


(B) Recombinant RttLO9 acetylates itself and H3, but not HA, Samples of oF yw. e 
from HAT assays as described in (A) were resolved using SDS poly- ce 
acrylamide electrophoresis (SDS-PAGE), followed by Coomassie stietlty LEPOSESL 


brilliant blue staining (CBB), to detect total proteins and auto- 
radiography to detect 7H acetylated labeled proteins, (C) H3-K56 is 
acetylated by recombinant RIt109. HAT assays were performed using 
lunlabeted acetyl-CoA, and the presence of acetylated H3-K56. was 
determined by Western blot analysis. (D) Rtt109 purified from yeast 
cells acetylates H3-K56. Experiments were performed as described in (Q, except for the source of RI109. REG 
in (©) and the No-tag sample in (D) were incubated for 6 hours; the rest of the samples were incubated for the times indicated. (E) Mutation of three 
conserved aspartate residues affects H3-K56 acetylation. Acetylation of H3-K56 was analyzed in yeast cells expressing rtt109 mutants of the indicated 
conserved aspartate residues, (F and G) In vitro assays using RILLO9 mutant proteins purified from yeast cells show a loss of HAT activity by selected aspartate 
mutants. (H) Rtt109 mutant proteins interact with Vps75. Vps75-TAP (tandem affinity purification) was purified from wild-type or rtt109 mutant cells, and 
opurified Rtt109 or mutants were detected by Western blot. 
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Fig. 3. Calls lacking Rtt109 
and H3-K56 acetylation are 
sensitive to. DNA-damaging 
agents and exhibit elevated 
levels of spontaneous Rad52 
foci. (A) Cell tacking Rtt109 
(or containing mutations at 
1356 are more sensitive to 
DNA-damaging agents than 
wild-type cells. Tenfold serial 
dilutions of yeast cells of the 
genotype indicated at the left were spotted onto YPD medium alone or YPD medium containing CPT, HU, or MMS. Note that the rtt109\ H3-KS6R mutant 
cells grew slightly better than rtt109A single mutant cells when H3 and H4 were expressed on 2 plasmid. (B) Cells expressing rit109 mutants unable to 
acetylate H3-K56 display a similar sensitivity toward DNA-damaging agents as the rit109 mutant cells. (C and D) Asynchronous 1109 and H3-K56R 
mutant cells exhibit an increase in the percentage of cells containing RadS2-YFP foci compared with WT cells. Rad52-YFP and differential interference 
contrast images from a representative field of WT and various mutants are shown (Q, and the percentage of cells containing RadS2 foci are calculated (0). 
Cells were separated into two categories on the basis of whether a cell displayed a bud (S/Gy/IM) or not (G,). 
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reduced but not abolished, were not as sensitive as 
‘riH109S cells (Fig. 3, A ana B). Moreover, rt109, 
FB-KSOR snd rit1094. HB-KS6A. douible-mutant 
cells displayed similar sensitivities toward these 
DNA-damaging agents as either single mutant 
alone (Fig, 3 and In contrast, cells 
expressing 71109 site-specitic mutants where IB 
56 acetylation was not affictod were resistant t0 


Ri109 to suppress sensitivity toward DNA- 
damaging agents is mainly mediated by its HAT 
activity toward 1B-K56, 


In budding yeast, RadS2 forms spontaneous 
foci, predominantly during S and GM phases 
‘ofthe cell eyele, and these foci are thought to be 
sites of repair of DNA kesions (18, 19), Cells 
‘with mutations in proteins involved in DNA 
metabolism, such as Top3 exhibit elevated lev 
ces of RadlS2 foci, possibly due to an increase 
in spontaneous chromosome breaks (20), The 
rH109S and H3-KSOR single and double- 
mutant cells showed a. substantial inerease in 
RadS2 fused with yellow fluorescent protein 
(RadS2-YFP) foci (Fig. 3, C and D). Moreover, 
the 11099 113-KS6R double-mutant cells did 
not exhibit more RadS2 foci than either 111/093 
‘or H3-KSOR mutant alone (Fig, 3D), Thus, the 
i in RadS2-YFP foci observed in 11109, 
nt cells appears mainly to be due to loss of 
ylation. Supporting this idea, acet- 
ylation of four other HB lysine residues (K9., 
K14, KIX, and K23) was not altered in the 
1111099, rnatant cells (fig. $7). Taken together, 
these data indicate that RULO%mediated acety 
lation of H3-KS6 during S phase protects DNA 
from damage, 


Here we have shown that Rit109 is a mem- 
ber of a novel HAT family that acetylstes H. 
K56. The rit]09S mutant exhibited a synthetic 
lethal or slow-growth phenotype with a mu- 
tant allele of PCNA (proliferating cell nuclear 
antigen), pol30-79, which is defective in DNA 
tion and repair (2/), but not with the 
130-8, which is de 
(2) (lig 
The r11109S mutant also exhibited a synthetic 
lethal/slow growth phenotype with a mutation 
polymensse « (lig. SSB) and was pre- 
viously found to genetically interact with Onc2 
mutations (23, 24). All of these 
proteins are involved in DNA replication. The 
genetic interactions between Rit109 and the pro 
teins involved in DNA replication suggest that 
the r#/098 mutant cells are defective in certain 
aspects of DNA replication. In support of this 
idea, the 7/09 mutant exhibits synthetic 
thal oF slow-growth phenotypes with mutations 
in genes such as RADS2, which are involved in 
homologous recombination (25), a process that 
is needed to resolve stalled replication forks (26). 
Thus, H3-K56 acetylation by Rit109 is closely 
linked to DNA replication 
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A Two-Amino Acid Change in the 
Hemagglutinin of the 1918 Influenza 
Virus Abolishes Transmission 


Terrence M. Tumpey,** Taronna R. Maines,” Neal Van Hoeven,? Laurel Glaser,? 


Alicia Soldrzano,? Clat 
Jacqueline M. Katz,? Adolfo Garcia-Sastre” 


Pappas,? Nancy J. Cox,? David E. Swayne,? Peter Pales 


The 1918 influenza pandemic was a catastrophic series of virus outbreaks that spread across the 
‘globe. Here, we show that only 2 modest change in the 1918 influenza hemagglutinin receptor 


binding site alters the transmissibility of this pandemic virus. Two amino acid mutations thé 


cause a switch in receptor binding preference from the human «-2,6 to the avian 0-2,3 sialic 
acid resulted in a virus incapable of respiratory droplet transmission between ferrets but that 
maintained its lethality and replication efficiency in the upper respiratory tract. Furthermore, 
oor transmission of a 1918 virus with dual «-2,6 and u-2,3 specificity suggests that a 


predominant human o-2,6 sia 


acid binding preference is essential for optimal transmission 


Of this pandemic virus. These findings confirm an essential role of hemagglutinin receptor 
specificity for the transmission of influenza viruses among mammals. 


the “Spanish” influenza pandemic vinss 
read globally and resulted in the deaths 
of up to 50 million people worldwide 


(J. 2). The ability of this HIN pandemic strain 
to spread rapidly and cause high rates of illness 
among humans makes it valuable for studying 


the molecular properties that confer efficient 
transmissibility of influenza viruses. An infl- 
crv vinus bearing all eight zene segments of the 
1918 pandemic virus was recently generated in 
ccultured cells, was found to be lethal for chicken 
embryos and mic high-growth 
phenotype in human lung cells. Furthermore, 
the 1918 hemagglutinin (HA) and polymerase 
genes were shown to be essential for maximal 
Virus replication and optimal virulence (3-5). 
Influenza pandemics seem to oceur every 10 
to40 years, but the factors that lead to the emer= 
gence of pandemic viruses are complex. and 
poorly understood. However, the establishment 
of efficient and sustained human-to-human 
transmission of a virus to which humans have 


nflenza Branch, Maitop G-16, D¥sion of Viral and 
‘Rcksettial Diseases, National Center for Infectious Diseases, 
Centers fr Disease Control and Prevention, 1600Cltton Road 
Ne, Atlanta, GA 30333, USA. *Department of Micabiology, 
Mount Sinai Schoo of Medicine, New York, NY 10029, USA. 
Poultry Research Laboratory, Agricultural Research 
Laboratory, US. Department of Agriculture, 934 College 
‘Station Road, Athens, GA 30606, USA. 
“To whom correspondence should be addressed. Ema: 
th9@cdcoo" 


wuwsciencemag.org SCIENCE VOL 315 2 FEBRUARY 2007 


| REP 


656 


ORTS 


litle or no preexisting immunity isa fundamental 
property of pandemic strains (6, 7). Most threat- 
ening is the possibility of another pandemic, 
similar to that experienced in 1918, caused by a 
novel influenza subtype virus capable of causing 
severe respiratory disease and death, The avian 
influenza HISNI virus, which has resulted in 
‘more than 250 human infgetions (8), has not ac- 
‘quired human influenza virus genes and lacks the 
ability to spread efficiently from human to hue 
rman (9, 10), Reassortment of avian HSN1 virus 
‘genes with human HBN2 influenza virus wenes 
\was shown to be insufficient for transmission of 
Vinus (/2), suggesting that additional 
tunknown mutations are required for HSN1 to 
‘emerge as a pandemic stain. 

The binding of influenza. viruses to their tar- 
et cells is mediated by the viral HA, which ree 
‘ognizes cell surface glycoconjugates containing 
terminal sialic acid (SA) residues. Avian influen- 
‘4 Viruses preferentially bind SA linked to yalac- 


tose by an a-2,3 linkage (42,3 SA), which is 
found in high concentrations on the epithelial 
cells ofthe intestine of waterfowl and shorebinds 
(12). Conversely, human influenza viruses (111 to 
HB subtypes) more readily bind to receptors that 
contain terminal c-2,6-linked sialyl-galactosyl 
(@2.6 SA) moieties that are found on the buman 
respiratory tract epithelium (13. 14). The three 
influenza pandemic viruses of the last century, 
‘occurring in 1918 (HIN1), 1957 (H2N2), and 
1968 (HI3N2), cach possessed an HA with a hue 
mun ¢2.6 SA binding preference and are though 

tohave originated from an avian Virus possessing 
the 42,3 SA binding preference (13-16). It has 
been postulated that the lack of sustained hhuman- 
to-human transmission of avian influenza HSN 
Viruses is due to their «2,3 SA receptor binding 
preference (/7-19). Higher proportions of «2, 

SSA receptors in the human lower respiratory tract 
‘compared with the upper respiratory tact ma 
explain the severity of HSNI viral pneumonia in 


Table 1. Titer of virus stocks prepared on MDCK cells with trypsin (1 j.g/ml, Sigma) and incubated 


at 37°C with 5% COp for 48 hours. Hemagglutination assay of viruses used 0.5% 


-2,3-resialylated 


CRBCs, «1-2,6-resialylated CRBCs, or untreated CRBCs. The results shown correspond to four 
hemagglutination units, Similar results were obtained when viruses were adjusted to 8, 16, or 32 


hemagglutination units with untreated CRBCs. 
‘Amino acid position 


Presence or absence of 


humans resulting from HSN! viral attachment 
deep in the lungs (17, 19). 

‘Amino acids at positions 190 and 225 in the 
1918 pandemic influenza virus HA determine its 
receptor binding specificity US, 16). In this 
study, we generated recombinant influenza vi- 
ruses possessing’ all cight gene segments of the 
1918 influenza virus to examine the role of re- 
‘on replication, pathoge- 
ty of this pandemic strain, 
We generated two variant A/South Carolina/1/18 
(SC18) 1918 viruses in which the HA was al- 
tered to change the receptor binding specificity 
from the parental human «2,6 SA (SC18) re- 
ceptor preference to an avian «2,3 SA receptor 
preference (AVIS) ora mixed «2,6 and 02,3 SA 
specificity reflecting the A/New  York/1/18 
(NY18) virus binding specificity. The NY 18 vi- 
ris Was a natural variant sequenced from an 
archived lung tissue sample prepared during au- 
topsy of a patient who died within 6 days of 
hospitalization in September 1918 (20) The HA 
comesponding to NYIS virus was made by in- 


as made by introducing an 
ino acid change [Asp!”—Giu"™ 
HE)] within the NY18 HA, Compared with 


(H3 numbering) hemagglutination the SCI8 virus, the AVIS variant has two amino 
Infectivity titer “u2.6—u23_ Untreated avid changes (DI90E and D225G) in the HA, 
190 22s ‘ptumD macs CARs CHS matches the comer avian ceca 
5 sequenee in the roeepor binding site and Which 
See 2 Ey axe * . * converts it to the classic «2,3 SA receptor pref: 
win 2 § hee : “ * gence (15), ADuck/ Allert 35776 (DW/AIb) and 
Apt E s Res = * ¥ \Texas3691 (TV91) Viruses were included in 
BRAID E $ 2axae = * + the study as controls representative of an avian 
Inoculated Contact Inoculated Contact 
A c 
* . 
’ ’ 
i: oe 
‘ ‘ 
F oan 
3 2 3 : 
2 2 
1 , 
1357 9 43 5 2 ow 135798 13579 
Bi, Days post Inoculation/contact 
: Fig. 1. Replication in the upper respiratory tract and transmissibility of 
. HANI viruses. Three ferrets were inoculated with 10° PFU of SC18 (A), 
‘ Tw91 (B), or Dk/Alb (©) virus and housed in individual cages. Naive 
‘ ferrets were placed in cages adjoined to those of the inoculated ferrets, 
Z and viral shedding in the upper respiratory tract was assessed on al- 
temating days for inoculated (left) and contact (right) ferrets. Results 
2 from individual ferrets are represented. Solid and dotted bars of same 
1 shade represent a separate ferret pair housed in adjoined cages. The limit 
13579 1.3 5 7 9 114 — ofvirus detection was 10°* ElDso/ml, 
Days post inoculation/contact 
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HANI virus and a human HIN} vints, respoc- 
tively. The 1918 viruses were generated by using 
the previously described reverse genetics system, 
(21-23), and the identities of virus genes in the 
rescued Viruses were confined by reverse tran- 
scription polymerase chain reaction and. se- 
‘quence analysis, 

The rescued 1918 viruses containing the pa- 
rental SCI8 HA and the two variant HAS had 
similarly high infectivity titers in Madin-Darby 
canine kidney (MDCK) cells (Table 1). The 
receptor-binding properties of the 1918 viruses 
were confirmed in HA assays by using enzy~ 
matically modified chicken red blood cells 
(CRBCs) that contain either 42,3 oF 42.6 SA, 
‘as previously described (5), The AVIS virus 
and the avian Dk/Alb control virus hemagehti- 
nated the a2,3-resialylated CRBCs only, whereas 
the SCIN Virus hemagglutinated the @2.6- 
resialylated CRBCS only, The NYI8 virus he= 
utinated both a2.3- ant c2,6-resialylaed 


SA receptor binding preference (76) and with 
those of the avian Dk/AMb virus possessing an 
42.3 SA receptor binding preference (Table 1) 
ets Were housed in adjacent cages that 


prevented direct and indirect contact between 
animals but allowed spread of influenza virus 
through the air (//. 25). They were inoculated 
intranasally with 10° PFU (plague forming 
units). One day after infection, three naive ferrets 
housed in transmission cages were placed 
adjacent to cach of the three inoculated ferrets 
(26) Three adkitional inoculated ferrets from 
cach virus-infected group were killed on day 3 
ppostinoculation (p.i.) for assessment of patho- 
logic and virologic parameters (26). Fernts in- 
‘oculated with the parental SCI8 virus shed high 
titers of infections vinus in nasal washes begin- 
ning a early as day 1 pi, [50% egg infectious 
dose (EID ml) from 10°" to 10”), and they 
sustained titers of 210** E1Dse/ml for 9 days 
pi. (Fig. 1A, left). SCI8 virus caused seve 
disease in all inoculated ferrets starting 2 days, 
pai: symptoms included lethargy, anorexia, 
rhinomhea, sneezing, severe weight loss (Table 
2 and fig SI), and high fever, and two of the 
throe animals died by day 11 pi. Ferrets ine 
culated with HINT TW91 and DK/AIb also 
shed high titers of virus in nasal washes (peak 

ters had E1Dgg/ml values from 10°? to 108%, 
‘but they were able to clear the virus from the 
Upper respiratory tract by day 9 pai. (Fig. 1, B 
and C) afier displaying minimal symptoms 
(Table 2 


REPORTS. i 


The human SCI8 and TV91 viruses eff- 
cienily transmitted to each of the three contact 
ferns (Fig. 1, A and B, right). The SCIX vinis 
‘was detected in the contact ferrets as early as day 
1 posteontact (p.c.), whereas the TW91vinis 
required 3 to 5 days to achieve detectable virus 
titers in nasal washes of the T9I contact fer 
ets, The TW91 contact ferrets exhibited litle 
morbidity, whereas ll three SCI8 contact Fercts 
exhibited severe signs ofillness and weight loss, 
and one of three contact animals failed to clear 
the vinis before it succumbed to infection on day 
6p. In contrast to the efficient spread of SCI 
and TW91 viruses, the avian Dk/Alb virus was 
‘ot transmitted to naive contact ferrets, because 
vinss was not detected in the nasal washes from 
the contact ferrets at any time, Furthermore 


seroconversion was not detected by’ hemayglu- 
tination inhibition (111) analysis of postexposure 
sera (Table 2), Both A/Duck/New York/15024/ 


receptor preference, exhibited efficient replica 
tion in the upper respiratory tract, but no trans- 
mission was detected between ferret 

We introduced one- and two-amino acid 
substitutions into the 1918 virus ITA to produce 
‘SIS variants NYI8 and AVIS, respectively, A 
switch in receptor specificity from an «2,6 SA 


Table 2. Clinical symptoms, virus replication, seroconversion, and transmissibility among ferrets inoculated with H1N1 viruses and among ferrets 
‘exposed to the inoculated animals (contacts). The percentage of mean maximum weight loss is shown. NW, nasal wash. 


Inoculated ferrets Contact ferrets 
Number with characteristictotal number Number with characteristictotal number Resplratory 
‘Sneezing Virus Seroconversion Virus Seroconversion droplet 
day of eae detected (range of HI fates detected {range of HI transmission 
onset) in NW antibody titer) innw antibody titer) 
sas. @) BGA) va (22807 23 5a) 3B 33 (80-640) ficient 
wt 332) 3 162) 33 373 (160-640) 33. (35) 38 33 (160-320) ficient 
DWA = 2345) 28 (12) 33 3/3 (80-1200) 03 03 03 None 
avIB 03 33 v1 (640) os 0 03 None 
Nvis 03 33089) 3322 G20-640"_— BLA ws 213 (40-80) Inefficient 
‘nly oe Tevet mivved aed as ened. va fees sane od wer tested. 
Inoculated Contact Inoculated Contact 
a 8 
. . 
5 , E 
. . 
d é 
a a 
$ 4 28 
2 2 
a g) 
' ' 
tas 7 ci a a Cn er s To. se 
Days post inoculation/contact Days post inoculation/contact 


Fig. 2. Respiratory droplet transmissibility of 1918 viruses with mutated 
HA proteins. Three ferrets were inoculated with 10° PFU of AV18 (A) or 
NY18 (B) virus and placed in separate cages. Naive ferrets were placed in 
‘cages adjoined to those of the inoculated ferrets, and viral shedding in the 


‘upper respiratory tract was assessed on alternating days for inoculated (left) 
‘and contact (right) ferrets. Results from individual ferrets are represented. 
Solid and dotted bars of same shade represent a separate ferret pair housed 
in adjoined cages. 
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(human) to an 23 SA (avian) binding pret 
erence abolished the transmissibility of the 
pandemic virus (Fig. 2 and Table 2). Although 
ferrets inoculated with AVIS. virus exhibited 
severe illness (Table 2 and fig S1) and shed high 
titers of infectious virus in nasal washes ( 
2A, left), none of the three AVIS contact fe 
hhad detectable virus in nasal washes, and post 
exposure sera collected from contact animals 
lacked antibodies against AVIS, The NYIS 
virus, with dual 42,6 and «2,3 SA speci 
also resulted in severe illness and death among 
the inoculated ferets, but it failed to transmit 
efficiently, as evidenced by the paucity of elin- 
ical symptoms and virus shedding among the 
contact ferrets (Fig, 2B), Two of the three NY IX 
contact ferrets seroconverted with relatively low 
HL titers of 40 and 80 (Table 2), The liek of 
efficient transmission was not due to the in- 
ability of the NYI¥ virus to replicate to high 
tiers in the upper respiratory tract, including the 
nasal turbinates (Fig. 2B, left, and fig 
Interestingly, no sneezing. was noted an 
AVIN- and NY 8-inoculated ferrets thro 
|4-day observation petiod, a find 
with the lack of notable sneezing abserved in 
ferrets infected with HISN1 viruses (17). 
Despite the diflerences in transmissibi 
the parental 1918 (SCI) virus and th 
1918 viruses, similar damage 10 multiple han 
Jobes was observed 3 days after intrana 
tion (26) Fig, 3), Femet lungs infected with SCI, 
AVIS, and NYI8 viruses exhibited necrotizing 
bronchiolitis and moderate to severe alveo 
With edema (Fig. 3,4 10, 1.and J). V 
\was common in lung tissues, with localization in 
the upper to lower portions of the bronchial 
airways, bronchial and bronchiolar epithelium, 
andl hypemplasic epithelium within alveoli (Fig. 3, 
F toll, Femets inoculated with control TW9T and 
DWAlb viruses generally showad a tack of 
significant lung lesions (Fig. 3, K to M), 
Receptor binding, the intial event in influ 
‘enza virus infection, was a major determinant of 
Vinis transmission efficiency of the HINT pan- 
demic virus. This work also evaluates the virue 
ferret model. a mex 
nore representative than 
case caused by influenza 
Vinises in humans, In contrast to other hurna 
influenza vinis strains, the 1918 virus demon- 
trated uniquely high virulence and lethality in 
forrets. The mutant 1918 virus possessing «12.3 
SA receptor binding (AVIX) was equally viru 
fent in ferrets as the parental SCI8 strain at the 
dose administered. Remarkably, the AVIS virus 
replicated in the upper respiratory tract as effi- 
ciently as the parental SC18 virus, but it failed to 
transmit to contact ferrets. Moreover, a human 
42.6 SA binding preference tial for op- 
timal transmission of this exceptionally virulent 
Vins. The introduction of a single mutation that 
converts the HA to dual @2,6 and «2,3 SA 


(SC18) virus. This result is consistent with the Our findings raise the possibility that, to be- 
previously demonstrated lack of transmissibility come more transmissible, the currently circul 
‘of an HSN1 2003 virus that possessed dual «2,6 ing avian influenza HSN1 virus may require a 
and «2,3 SA specificity duc to a naturally ac- receptor binding change to a predomi 
quired mutation at HA residue 223 (HS num- SA binding pre Such a modification of 
bering: residue 227 by H3 numbering) (//, 27). 115 HA may result in improved virus binding 19 


Fig. 3. Photomicrographs of hematoxylin and eosin [(A) to (B) and () to (U} and immuno- 
histochemically [(F) to (H) and (M)] stained lung sections from influenza virus-infected ferrets sampled 
‘on day 3 after inoculation. (A to H) Lung sections infected by SC18 virus. (A) Severe necrotizing 
bronchiolitis with severe diffuse alveolitis and edema. Scale bar indicates 50 jim. (B) Severe diffuse 
alveolitis: scale bar, 20 jum. (C) Necrotizing bronchiolitis; scale bar, 30 yim. (D) Necrosis and (F) 
associated influenza viral antigen in submucosal serous glandular epithelium of a bronchus; scale bar, 
50 im, (E) Margination and adhesion of neutrophils to endothelial cells of a pulmonary arteriole; scale 
bar, 20 jum. (G) Influenza viral antigen in epithelium of a primary bronchiole; scale bar, 50 um. (H) Viral 
antigen commonly in macrophages and alveolar epithelial cells; scale bar, 20 um. (1) NY28 virus; severe 
diffuse alveottis with accompanying necrotizing bronchiolitis; scale bar, 50 jum.) AVIB virus; diffuse 
severe alveoltis and edema with necrotizing bronchiolitis; scale bar, 50 um. (K) Tx/91 virus; normal 
alveoli; scale bar, 15 jum. (L) D/Alb virus, purulent bronchiolitis (p) with peribronchiolar mixed cell 
inflammation and associated moderate alveotitis (a); scale bar, 50 sim. (M) DW/Alb viral antigen in 
bronchial epithelium; scale bar, 30 um. 


2 FEBRUARY 2007 VOL315 SCIENCE www.sciencemag.org 


human tracheal epithetial cells expressing high 
‘amounts of terminal 42,6 SA motifs and, simul- 
tancously, in an improved ability to overcome 
the inhibitory effects of human bronchial mucins 
associated with 42,3 SA receptors (28). How- 
ever, mutations that caused a shift from the 
Hype to human-type receptor binding spec- 
for the HI subtype do not cause an 
for the HS subtype 


toalterthe 113 HA froman avian-to human-type 
receptor binding specificity are different from 
those required for the HHA. Therefore, 
likely that different avian HA subtypes have df= 
{erent structural requirements to conter receptor 
specificity, Thus, it is currently unknown which 
‘additional mutations in the HS HA would cause a 
shift to the human-type specificity, which mary be 
required for HISNI viruses to transmit efficiently 
among humans, 
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Protein Kinase C B and Prolyl Isomerase 
1 Regulate Mitochondrial Effects of the 
Life-Span Determinant p66°"° 


Paolo Pinton,*?* Alessandro Rimessi,*?* Saverio Marc 
Enrica Migliaccio,*" Marco Giorgio,”* Cristina Contursi,> Saverio Minuc 


2 Francesca Orsini, 


Fiamma Mantovani,” Mariusz R. Wieckowski,"?* Giannino Del Sal,” 


Pier Giuseppe Pelicci,**” Rosario Rizzuto™*+ 


The 66-kilodalton isoform of the growth factor adapter She (p66) translates oxidative damage into 
ell death by acting as reactive oxygen species (ROS) producer within mitochondria. However, the 
signaling link between cellular stress and mitochondrial proapoptotic activity of p66" was not 
known. We demonstrate that protein kinase C3, activated by oxidative conditions inthe cel, induces 
phosphorylation of p66* and triggers mitochondrial accumulation of the protein after it is 
recognized by the prolyl isomerase Pin1. Once imported, p66°™ causes alterations of mitochondrial 
Ca?* responses and three-dimensional structure, thus inducing apoptosis. These data identity a 
signaling route that activates an apoptotic inducer shortening the life span and could be a potential 


target of pharmacological approaches to inhibit 


he protein poo" (/ 4) is an alternatively 

| spliced isoform ofa growth factor adapter 
that is phosphorylated upon oxidative 

stress (2). Ablation of the p66™* gene causes 
life-span prolongation with no pathological con- 
sequence (2). A fraction of p66 localizes 10 
mitochondria (3-5), where it binds 10 eyto- 
chrome ¢ and acts as oxidoreductase, generating 
reactive oxygen species (ROS) and leading to 
‘organelle dysfunction and cell death (5). The 
route leading to p66™ activation is still unclear. 


Phosphorylation of a critical serine (Ser) is 
necessary (2), but the kinase responsible has not 
been identified. Moreover, mitochondrial poo 
is unphosphorylated, indicating that additional 
regulatory elements must exist. 

Mitochondria receive, under stimulation by 
physiological agonists or toxic agents, Ca? 
mediated inputs (6-8) that are decoded into 
effects as diverse as metabolic stimulation and 
apoptesis (9). Ca?” responsiveness is a highly 
sensitive readout of mitochondrial state: Partial 


efeets in mitochondrial energization, asin 
mitochondrial diseases, cause defects in C: 
handling by the organelle (/0). Moreover, 
mitochondrial Ca?* uptake is: modulated by 
regulatory proteins such as kinases. Some pro= 
tein kinase C (PKC) isoforms (//) specifically 
affect the responses of mitochondrial Ca?" to, 
agonists (PKC reduces them, whereas PKC 
enhances them) (/2), PKC are also proposed 
to be activated in conditions of oxidative stress 
(13), We therefore used aequorin to monitor 
cellular concentration a green fluores 
cent protein with mitochondrial presequence 
(GFP) 10 monitor organelle structure, 
other mol fh the sign 
route linking the oxidative challeng 
ion of p66 proapoptotic effet within 
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mitochondria in mouse embryonic fibroblasts, 
(MEFs) (/4), 

Using an acquorin probe targeted by 
mitochondrial presequence (mtAEQ) (5), we 


investigated organelle Ca*” responses to aden 


sine triphosphate (ATP), an extracellular 
cof Ca 


Sand wild-type 


that causes the re from 


endoplasmic reticulum. p66 
MEFs showed similar responses of [C2 
ATP, both in amplitude and in kinetics (Fig. 1, A 
and B) 
global Ca?® signaling 
itoring of concentration of five cytosolic Cx 
({Ca* k) showed that the [Cat rises evoked by 
ATP in p66" and wild-type MEFs were 
virtually superimposable (Fig. | 


To investigate the eflect of 


This reflects a close similarity in the 


atterns, Indeed, the mon 


A andl B, insets). 


challenge, we treated cells for 30 min before 
the application of ATP with various concen 
trations of 1403, Reduction of mitochondrial 


Ca jon of the three 
dimensional mitochondrial network (76) was ob- 
served in wikl-type MEFs (Fig. 1, A and a) 


responses and fragment 


several hours. before 
shrinks 
ple) were detected (fig. SI), 


igns of apoptosis (cell 


Whereas minor 


changes in the Ca? response and morphology 
were detected in poo” MEFs (Fig, 1, B and 
bb), This alteration in Ca®* response was charac 


teristically mitochondrial, because no 
in the ATP-lepen 
between poor 


lent [Ca* rise was detected 


and wikl-type H303-treated 
MEFs (Fig. 1, A and B, insets). The reintroduc 
tion of p66 reestablished sensitivity to 1303 in 


po MEFs (Figs. 1C-<), 
Production of ROS by poo (5) influences 
the opening of the mitochondrial permeabi 
transition pore (PTP) (17). We thus investi 
whether the Ca 
yered by 130 could be prevented by the 
PTP block A (CsA). In CsA 
tivated wild-type MEFs, the rise in. [Cam 
evoked by ATP stimulation in the 
HO} was largely restored (Fig 


and morphology changes 


2A) and the 


ty of the mitochondrial network was 


On the contrary, no eflect 
Of CSA on p65" (Fig. 2A, inset) or on MEF 
not treated With HO. (fig. S2, A and B) was 
detected, Similar results were obtained with 
rckie acid, another PTP inhibitor (Hig. S2. 

© and ©). Mitochondrial Ca” 
morphok were not modified by H,O2 ap- 
plication to poo” MEFs in whieh either the 
pO6ME132Q-E133Q mi 
able of binding cytochrome © (5) (F 
and b), oF the po6°™S36A mutant (2) (F 


nt (p66™* qq), i 
2B 


and) had been reintroduced, indicating that both 
the oxidoreductase activity of p66 and the 
phosphorylation of Ser are essential for the 


1,0;-induced proapoptotic changes 
Overexpression of the PKC 


isoform B re 


duces transient changes in (Ca 
and PKCB is expressed in MEF cells 
cr application of HO, membrane stain 


sd PKC was detected by fluorescence 


S3A). 


2 FEBRUARY 2007 


SHA), showii 
orylated pb6™ 


microscopy (lig 
(13). Pho 
lucatment of cells with HyO2 or with 12-0- 

wiphorbol 13-acctate (TPA), a PKC 


2 its activation blocker of the PKCB isoform (fig. S4B) (/8), 
inhibited p66" phosphorylation in both condi 
tions (Fig. 3), 


Overexpression of PKCB mimicked the ac- 


was detected afier 


tetradccar 


activator (Fig. 3A) (J. Hispidin, a specific tivation of the endogenous kinase by oxidative 
wt wt 
A 
2 are 
10 
Zs 
a6 
24 
° 
— Unveated Untreated 
+O, 
pee™ 
B b 
2 are _se 
a = 
Zs 
oe 
So, 
° 
Untreated 
p6s™-/- 
‘ (966"™ reintroduced) (p66 reintroduced) 
2 
ae 


+H,0. 


Untreated 


— Untreatos 
+ +HO, 


Fig. 1. Mitochondrial morphology and Ca* responses in p66" MEFs during oxidative stress. 
Mitochondrial and cytosolic (inset) Ca** homeostasis in wild-type (wt) (A) and p66" (B) MEFs. 
Where indicated, mitochondrially targeted aequorin (mAEQ)-transfected cells were treated with 
100 jxM ATP. wt: mitochondrial calcium concentration ({Ca**],_) peak, 8.64 + 0.32 \iM; cytosolic 
calcium concentration ([Ca"*]) peak, 2.90 + 0.11 uM. p66": [Ca**m peak, 8.71 + 0.37 uM; 
[Ca**], peak, 2.91 + 0.15 iM. Aequorin reconstitution and conversion of luminescence into [Ca**] 
is described in (14). The dotted traces show the effect of treatment with H,03 (1 mit, 30 min) on 
the ATP-dependent responses. wt: [Ca**I peak, 5.84 + 0.28 iM; [Ca®*], peak, 2.60 + 0.07 uM. 
p66": (Ca? peak. 7.87 + 0.33 ull: [Calc peak, 2.7 + 0.09 pM (a and b) Analysis of 
mitochondrial structure in cells treated with or without HO, (1. mM, 30 min) (a greater mag- 
nication is presented in the insets). (C and ¢) Reintroduced p66 reestabishes the [Ca*Im and 
morphology sensitivity to H202 in p66" ~~ MEFs. [Ca°*lm peak, 8.69 + 0.51 uM; after H2O2, [Ca°*lm 
peak, 5.76 = 0.44 uM, P < 0.01. For all the experiments presented, n> 15. 
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challenges, causing a reduction in [Ca?* py 1 
sponses in wild-type MEFs (in which the puta 
e downstream, 


ctor is present) but not in 
3B). This eflect was spe- 
for PKCB. When other isoforms were 


wt 
(+H,0,) 
A = a 
S.A 
Ze. 
5° : 
Qy fj 3 
o- a 
oun 
p66 
(p66""qq reintroduced) 
2 
is 
3 6 
a, 
a 
‘ se 
Te so 
hen 
(p66""S36A reintroduced) 
wa 
0 
3 
5 
2 


20sec 


Untreated 
+ +H, 


expresed (PKCa, PKC8, PKCe, or PKC 
p66" dependent mitochondrial Ca” 
was not observed (fig. $3). Moreover, 
PKCB was inhibited pharmacologically with 
hispidin (Fig. 3C) or its abundance was decreased 


the 
alteration 
when 


wt 
(CsA treatment) 


Untreated 


p66™-/- 
(p66™qq reintroduced) 


a 


Untreated 


p66™-/- 
(p66"S36A reintroduced) 


Untreated +H,0, 


Fig, 2. Involvement of PTP, p66 binding to cytochrome c, and p66" phosphorylation in mitochondrial 
166% action. (A) Effect of treatment with CsA (4 ht, 10 min) on H,O3-dependent reduction of [C2**]qy 
responses in wt MEFS. [Ca**Im peak, 5.84 + 0.28 uM in cells treated only with H2O2; 7.58 + 0.33 uM, P< 


0.01, in cells pretreated with CsA, then treated with HzO. No effect of CsA on pb6™ 
detected. [Ca**]q, peak, 7.87 + 0.33 uM in cells treated only with H,0,; 8.43 + 


cells was 
0.54 uM in cells 


pretreated with CsA, then treated with H,0, (Fig. 2A, inset). (B and () Failure of the p66°%qq mutant 
((Ca?*Iq peak: contro, 835 0.71 jMt HO, 7.76 0.35 uM) (B) or the p66"*S36A mutant (Ca**hy 
Peak control, 8.58 + 0.61 uM; H2O2, 7.74 + 0.64 uM) (C) to reestablish mitochondrial [Ca?*] 


sensitivity to H202 in p66e™~ 


MEFs. All conditions as in Fig. 1. (a to ©) Morphology of H202- 


treated, CsA-pretreated cells (a) or Hz0z-treated cells expressing the p66°™aq (b) or p66™*S36A 


mutants (0) 
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with RNA interference (RNAi) (F 
[Ca™"Iq peak was minimally affected by the 
application of HO2. Similarly hispidin treatment 
preserved mitochondrial momhology (Fig. 3E), 

We verified whether PKCB inhibition reduced 
the apoptotic efficacy of HO, treatment, We 
jer the addition 


measured cell viability 8 hours 
of lmM F 
microscopy 
cell viability in wild-type cells but i 


surviving cells on the 


2, by counti 


Hispidin caused no chang 
eased the 


number of cells surviving oxidative stress (29% 
2.1 in H;Oz-reated cells versus 60% © 4,7: 
hispidin pretreated cells, expressed as a percent 


age of the cells counted on a coverslip not ex 
posed 0 1130s) (fig. SSA). 

To partially mimic an “agi 
al Ca®* responses in MEFS 
maintained in culture for 20 passages. In wil 
type MEFs, the | 
decreased with time in’ culture 


ng” event, we 
analyzed mitochon 


In Fesponses. gradually 
Whereas no 
alteration was observed in p66" MEFs or in 
wild-type MEFs if the culture medium was sup- 
pkmented with hispidin (fig. SSB). We 
analyzed the eflect of PKCB on other mitochon. 


dial parameters: mitochondrial membrane po- 
tential (A%?) and production of ROS (I), PKCB 
activation by TPA caused a gradual reduction in 
AY in wild-type but not in poo®™"” MEFs (F 
3F and fig. SSC) (4), An increase in ROS 
production was observed shortly after infection 
oviral vector driving PKCB 


of cells with an ade 


expression: dihydroethidium fluorescence inten: 
sity (arbitrary units) 17.70 1.2 versus 14.97 
1.3 in nontransduced cells, supporting the view 
that PKCB 
of p66 


ers the oxidoreductase activity 


We suspected that a possible Tink between 
PKC-dependent phosphorylation of p66" and 
its mitochondrial oxidoreductase activity was 
that phosphorylation mediated transfer of po6™ 
fom the cytosol to mitochondria, The prolyl 
isomerase Pin! recognizes and induces cistrans 
isomerization of pSer-Pro (or pThr-Pro) bonds, 
conferring phosphorylation-dependent. confor 
mational changes relevant for protein function 
(U9, 20), Moreover, Pint” MEFs are impaired 
in apoptosis after exposure to ultraviolet (UVe) 
radiation (2/), We identified a putative consensus 
far Pin! binding (Ser*/Pro™) in poo, Pull 
down experiments (/-) with Pin} linked to gh 
tathione S-ransferase (GST-Pin1) showed that 
Pin! bound 10 poo 
Ve, radiation that caused phosphorylation of 
p66", This interaction appeared to be phospho- 
rylation dependent boca 
treatment of cell extracts. with calf intesti 
Phosphatase (CIP). Furthermor 
Phorylatable mutant p66*S36A did not show 
detectable binding to Pin! (Fig. 4A), 

We investigated the mitochondrial eteets 
of HO, treatment in Pint” MEFs. In Pin 
cells, the HxOs-dependem reduction of the 
{Ca Ja peak was smaller than that of wikl-type 
MEFs (Fig. 4B). Similarly, in Pin” MEFs, 
morphological changes caused by H202 were 


after exposure of cells 10 


se it was reduced by 
ual 


the nonphos: 
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wt wt wt 
(+ Hispidin) (PKC RNAi) 


3 


Fig. 3. Effects of PKC{idependent phosphoryl- 
ation of p65. (A) Western blotting of p66 
from wt MEFs treated with H03 (500 uM, 10 
min) or TPA (100 ng/ml, 10 min) with antibodies 
to p66" phosphorylated on Ser (anti- 
p$36p66%™) or antibody to nonphosphorylated _-—«*** PAC TFoverexpressing 
SHz domain (Src homology 2) of She (anti-SHs 

She). Hisp, cells treated for 24 hours with hispidin E wt Fr 
5 iM). (B) Effect of PKCD overexpression on (+ Hispidin) 

[ca"]q responses in wt (Cay peak, 5.84 = 
0.18 \iM versus 8.64 + 0.32 Mt in, nontrans- 
duced cells, P < 0.01) and (inset) p66" MEFs 
((Ca**Jm peak, 8.33 + 0.37 uM versus 8.71 + 
0.37 jiMt in nontransduced cells) (C) Treatment 
of wt MEFs with hispidin (5 yA, 30 min) prevents 
the Ha03-dependent reduction of [Ca°*lm 
responses ({Ca**ln peak, 7.60 + 0.46 jM versus 
8.50 0.43 jiM'in nontreated cells) and the 
alteration of mitochondrial structure (E) (D) Et- 
fects of depletion of PKCE with RNAi on H,03- 
dependent reduction of [Ca°*] responses (Ca°*lm 
peak, 7.43 + 0.49 uM versus 8.81 + 0.56 yM in 
nontreated cells). Allonditons asin Fig 1. Expression of PKC after silencing FCCP (carbonyl cyanide p-tifluoromethoxyphenythydrazone), an uncoupler of 
is shown in the Western blot (inset) (F) Kinetics of tetramethyl rhodamine oxidative phosphorylation, completely collapses the AY. The traces are rep- 
methylester (TMRM) fluorescence of wt and p66" cells treated with TPA. resentative of single cell responses 


— Untreated 
+H, 


+H, 


}. 4, Pin induces p66" mitochondrial translocation A 


after See phosphorylation. (A) Total lysates from Phoenix fon _On_ Garni ouPnt 

cells (nud transfected with p66* or its S36A mutant, UV- Were eee tee 
irradiated and/or treated with CIP, were subjected to GST or ee eee: eee ee 
GST-Pin1 pull-down followed by immunoblotting with or Ses = = 

antibody to She. (B) Effect of H,0z on the ATP-dependent 

[Ca’*}q responses in Pind ({Ca?*}p peak, 8.64 + 0.49 uM a te tt 
in control versus 6.98 + 0.46 Min HO, treated) and Pus down ¢nxp66™ Pulldown Pull down 
(inset) wt ((Ca?*Iy peak, 8.41 + 0.22 iM in control versus #rep66™ grap B6™S96A 
5.02 + 0.39 jiM, P <0.01 in HO treated) MEFs, (C) Effect 

of 100 iM H,02 on [Ca’*Im responses in Pin1 overex- PIN1 -/- wt wt 
pressing MEFs ([Ca*lm peak, 8.60 + 0.58 iM in control (PIN1-overexpressing) = (+ Okadaic Acid) 


Versus 7.26 + 0.26 jiM HO treated, P< 0.05) and finset) in 
Wt MEFS (Ca? peak, 8.64 + 0.49 Mt in control versus 
8.56 + 0.31 uM HO» treated. (D) Effects of okadaic acid 
(2 4M, 1 hour) on Hz0a-dependent reduction of [Ca°*hy 
responses ([Ca°*}y peak, 7.58 + 0.33 uM versus 6.83 = 
0.24 4M, in okadaic acid pretreated cells before and af- 
ter HzO, treatment, respectively) All conditions asin Fi 

1, (E) Western blot of p66" protein levels in the mito- 
chondrial fraction and in the cell homogenate from wt and 
Pind MEFs 
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minimal (fig. S6A). Overexpression of Pint 
setwitized cells to weaker oxidative stress. 
When wild-type MEFs were subjected to mild 
‘oxidative stress (100 uM HO. for 15 min 
instead of | mM for 30 min), no alteration inthe 
agonist-tependent [Ca**J—y transient was de- 
tected, whereas in Pint overexpressing cells, 
the peak was reduced (Fig. 4C), In certain sub- 
strates, the phosphoserine-proline (phosphoS-P) 
ssites, once isomerized by Pinl, are recognized 
‘and dephosphorylated by PP2A (20). In cells 
treated with okadaic acid (PP2A inhibitor), the 
reduction in agon a ay R= 
sponses was markedly smaller (Fig. 4D) than 
that in wild-type cells, which might suggest that 
dephosphorylation by PP2A follows Pin! rec- 
Cognition and is necessary for the mitochondrial 
elects of poo. 

nally, we tested the hypothesis that Pin = 
dependent isomerization of p66°* enhances 


the transfer of the protein to the organelle, W 
evaluated the mitochondrial pool 

wikl-type and Pint 
tionation and immunoblotting (Fi 


668 in 
MEFs by subcellular frac- 
4E and fig 


dria (~" 100%). This effect appea 
‘on PRC aetivity, because a similar inere 
evoked by treatment of cells with TPA, and 


hispidin inhibited the effects of H2O2 treatment 
Blots of total homogenate showed only a small 
increase in the total amount of p66" (~+15%) 
(4). indicating that there was net translocation 
‘of p66™ to the organelle. In Pin” MEFs, the 
mitochondrial fraction of p66 was smaller, 
both at west or after treatment with 1303 or TPA. 
TTPA tad no detectable effect on localization of 
(p66 in the Pint ™ cells 

Overall, these data highlight a molecular route 
that Tinks an oxidative challenge to the activation 
‘of p66 and the recruitment of mitochondria in 
apoptosis and may contribute to the aging prop- 
etes of this protein 
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Targeting of Diacylglycerol 


Degradation to M1 


Muscarinic 


Receptors by p-Arrestins 


Christopher D. Nelson,? Stephen }. Perry,?* Debra S. Regier, Stephen M. Prescott,” 


‘Matthew K. Topham,” Robert J. Lefkowit’*¢ 


Seven-transmembrane receptor (7TMR) signaling is transduced by second messengers such as 
diacylglycerol (DAG) generated in response to the heterotrimeric guanine nucleotide-binding 
protein G, and is terminated by receptor desensitization and degradation of the second 
messengers. We show that jarrestins coordinate both processes for the G,-coupled M1 muscarinic 
receptor. Arrestins physically interact with diacylglycerol kinases (DGKS), enzymes that 


degrade DAG. Moreover, frarresti 
agonist 


are essential for conversion of DAG to phosphatidic acid after 
ulation, and this activity requires recruitment of the f-arrestin-DGK complex to 


activated 7TMRs, The dual function of frarrestins, limiting production of diacylglycerol (by receptor 
desensitization) while enhancing its rate of degradation, fs analogous to their ability to recruit 


adenosine 3 


monophosphate phosphodiesterases to G,-coupled fiz-adrenergic receptors. Thus, 


Brarrestins can serve similar regulatory functions for disparate classes of 7TMRs through 
structurally dissimilar enzymes that degrade chemically distinct second messengers. 


trimeric guanine nucleotide binding 

proteins (G proteins), initiating the pro- 
duction of second messenger molecules. For 
TTMRs coupled to the G protein family mem- 
ber Gy. activation of adenylyl eyclase increases 
intracellular adenosine ¥'.5’-monophosphate 
(cAMP) conoenirations: TTMRs that coupke to 
stimulate phospholipase C and consequent 
‘phosphatidy linositol 4 S-bisphosphate 


Sea of TIMRS activates hetero- 


to produce inositol 14.S-risphosphate and dinc- 
ylelycerol (DAG) (1). Proper regulation of sig 
nal transduction requires G protcin inactivation, 
degradation of second messengers, and silen 
1g of activated receptors (desensitization) to 
return the cell to basal state. Deactivation of G 
proteins is achieved through the intrinsic guano- 
Sine triphosphatase (GTPase) activity of the a 
Subunit with subsoquent reassembly of the inact 
heterotrimeric complex. However, unlike the autor 


catalytic G proteins, most second messenger mol 
cous require specific enzymes for metabolism 10 
sa inactive form. For DAG, regulation is pation 
larly crucial because dysregulation leading. 10 
prolonged DAG signaling is tumorigenic (2,3. 

The main pathway of DAG metabolism is 
phosphorylation by members of the family of 
diacylglycerol kinases (DGKs) (1), DGKs. are 
predominantly eytoplasmie and translocate 10 
the plasma membrane upon stimulation of many 
receptors, including 7TMRs, These enzymes 
catalyze the adenosine triphosphate (ATP) 
dependent ereation of phosphatidic acid (PA) 
through phosphorylation of the sn-3 position 
of DAG, thus negatively regulating DA 
dependent proteins such as protein kinase C 
(PKC), However, PA itself is a signaling mole 
cule that influences vesicle traflicking (5), pro- 
‘motes translocation of the protein kinase Rat 
the plasma membrane (6), and affects the aetiv= 
ity of multiple enzymes, including type 1 phos- 
‘hatidylinasitol Skinases (7, 8), PKCE (9), and 
small GTPase proteins (0). 
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Homologous desensitization of TTMRS oc 
‘curs through a highly conserved mechanissn. The 
phosphorylation of cytoplasmic TTMR. serine 
and threonine residues by G protein-coupled re- 
ceptor kinases promotes the translocation and 
binding of f-arestin proteins, sterically hindering 
roceptor-G protein coupling and diminishing G 
protein signaling (/1), B-Amrestins interacting with 
AP-2 (12) and clathrin (/3) then internalize 
activated receptors from the cell surface via 
clathrin-coated pits. B-Anestins alo recruit PDES 
Phosphodiesterases 0 stimulated Bradrenergic 


receptors, thereby accelerating the rate of CAMP 
degradation in a concerted mechanism of recep- 
tor desensitization and second messenger ine 
activation (/4). Here, we investigated whether 
Bramestins might function more generally to co- 
‘onfinate second messenger inactivation and assist 
DGKs to quench DAG signaling 

To test whether framestins interact with 
We transiently overexpressed hemagglu- 
A) epitope tagged DGK a. B, ¥.8, ©, 5, 
(or t in COS? cells along with FLAG epitope 
tagged framrestin 1, Bearrestin 2, or pcDNA3 


Fig. 1. Coimmunoprecipitation of DGK isoforms and DAG A 


kinase activity with B-arrestins. (A) Top and middle: Western 


Wook o pr be ctw 


vector (Fig. 1A). Ovemight incubation of cell 
Iysates with resin coated with antibody 10 the 
FLAG epitope revealed coimmunoprecipitation 
ofall even HA tageed DGKs with FLAGtageed 
arrestin | and fearrestin 2, but not with vector 
controls (Fig. 1A). Coimmunopreeipitation of 
endogenous arrestin 1 and 2 with HA-DGKS 
\eifiod this interaction Fig. 1B), Stimulation of 
«endogenous M1 receptors (MIR) with carbachol 
(50M) or direct stimulation of PKC with 100 nM 
phorbol ester had no effect on the amount of 
Brarestin immunoprecipitated, which in 


woprsece 


blots of FLAG immunoprecipitates from COS7 cells over- 
‘expressing HA-tagged DGK isoforms cotransfected with FLAG 
Brarrestin 1 (Garr), FLAG ffarrestin 2 (fatr2), oF pxDNA3 
vector, Bottom: Cell lysate immunoblots normalized for total 
protein, confirming construct expression, Images are represent- 
ative of five independent experiments. (B) Western blots of 
immunoprecipitated HA-DGK< (top) and coimmunoprecipitated 
‘endogenous [arrestns (bottom) after stimulation with 50 Mt 
‘carbachol or 1 uM phorbol ester, as indicated. Data are 
representative of three independent experiments (ev, empty 
‘vector; PMA, phorbol 12-myristate 13-acetate; Lys, HEK293 cell 
lysate). (©) In vitro DAG kinase assays were performed on 
FLAG-frarrestin immunocomplexes as described (15). Data 
‘were normalized to empty vector transfections and represent 
the mean + SE of four independent experiments. (D) 
Endogenous {farrestins were immunoprecipitated with rabbit 
polyclonal antibodies ALCT or AZCT and analyzed as above. 
Data were normalized versus preimmune rabbit antiserum and 
represent the mean + SE of five independent experiments. 
Statistical significance was determined by repeated-measures 
analysis of varriance (ANOVA) with a Bonferroni post hoc test 
to correct for multiple comparisons (*P < 0.05, **P < 0.01). 


Fig. 2. Interaction of f-arrestins with the cysteine 
rich domains of DGKS. (A) Diagram showing trun- 
‘ation sites of the DGKS deletion mutants. CRD, 
‘gysteine-rch domain; MARCKS, myristoylatedalanine- 
rich Ckinase substrate domain. (B) AICT bot of 
‘endogenous farrestins immunoprecipitated with 
DGK< mutants. (© The same immunoblot reprobed 
with antibody to DGKS (25). (D) Western bit of f- 
arrestin 2 truncation mutants coimmunopreciptated 
with HA-DGKS. (E) Anti-HA probe of HA-DGKC 
samples confirming comparable protein immuno 
precipitation. (F) Expression levels of FLAG tagged f5- 
arrestin 2 mutants fn HEK293 cll sates. Al panels @ 
are representative of at least four independent 

‘experiments, cent 

@ 


BE 
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that B-amestins and DGKs can exist in a consti- 
tutively formed protein complex. 

‘To examine the activity of B-amrestin-bound 
DGKs, we transiently transfected FLAG-f 
arrestins and HA-DGRG into human embryonic 
kidney HEK293 cells and tested FLAG immu- 
hoprecipitates for DAG kinase activity in vitro 
(U5). The two Bramestin isoforms were associated 
\with similar amounts of DGK enzymatic activity 
(Fig. 10). Endogenous frarestins immuno- 
precipitated with rabbit polyclonal antiboxtics to 
Bearrestin | and 2 [ALCT (/6) and A2CT (16) 


rich domains (CRDs) in this interaction (Fig. 2, 
Ato C), This agrees with our data showing that 
Brarrestin interacts with multiple DGKs, as the 
CRDs are one of two elements conserved across 
the entire DGK family (the catalytic domain 
‘being the other). The CRDs are necessury for the 
translocation of DGKG (/8), and although DAG 
docs not induce DGK translocation, receptor 
stimulation induces robust membrane recruit- 
ment (/9; these observations are consistent with 
Brarrestin- mediated DGK traffic 

‘The critical regions of frarrestin required for 
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corresponding to an outer loop in the C-terminal 
half of Bearestin 1 and 2, 

To investigate the consequences of arrestin 
DGK complexation in cells, we quantified 
carbachol-induced production. of phosphatidic 
acid by whole-<ell "P labeling, Labeled lipid 
species were extracted fiom HEK293 cells trans- 
fected with peDNA3 vector, FLAG- frames 
Yor FLAG- arrestin 2 (Fig. 3A), then separated 
by thin-layer chromatography (/6) (Fig. 3B). 
Quantification of =P incoporation (Fig, 3C) 
revealed that, relative 10 nonstimulated cells, 


also showed significantly more associated endog- DC 
‘enous DGK activity than did controls (Fig. 1D). 

‘To map the site of Baarrestin binding to 
DGKs, we used a panel of DGRE deletion mu- 
tants (/7) to immunoprecipitate endogenous 
restins fiom HEK293 cells, Preliminary 
ng implicated the N terminus in frarrestin 
binding (ig. SI), and finer mapping oF this 
rowion showed a requirement for the eysteine- 


mutants (Fig. 


Fig. 3. Positive in- 
fluence of arrestin 
expression on carbachol ge 
stimulated phosphatidic 
acid production. (A) im 
muinoblot for frarrestins 
from HEK293 cel trans- 
fected with pcONA3, 
FUAG-Barrl, or FLAGS & 
arr2. (B) Phosphor- 
imager screen image of 
radiolabeled  tpids ex- 
tracted and separated 
by thin-layer chromatog 
raphy from frarrestin~ and controbtransfected cells with and without 50 jNt 
carbachol stimulation of endogenous MIRs for 5 min (CBC, carbachol Pl, 
phosphatidylinositol; PA, phosphatidic acid). (C) Quantification of carbachot- 
stimulated (*P]PA normalized to nonstimulated controls. Values shown represent 
the mean + SE from eight independent experiments. Statistical significance was 
determined by one-way ANOVA with a Bonferroni post hoc test to correct for 
‘multiple comparisons ("P< 0.01 versus stimulated pcDNA3; **"P < 0.001 vs. 
stimulated peDNA3).(D) Western blot of f-arestins from HEK293 cells treated 
with farestin~specifc siRNA oligonucleotides. (E) Summary data of carbachol- 
ulated [PPA production across f-arrestin siRNA treatments. Values shown 
represent the mean + SE of five independent experiments. Statistical 


(Feld over C7 bat) 
eoseppes 


|. Dominant negative effect of farrON on DGK transloca- A 
tion to the M1 muscarinic receptor. (A) Western blots of dithio- 
bis-maleimidoethane-cross-linked HA‘MIR immunoprecipitates 
from HEK293 cells transfected with FLAG-DGKS and jbarrON as 
described, with and without 50 ui carbachol stimulation for 5 min. 
(B) Summary data of three experiments showing the effect of 
[BarrON overexpression on agonist-induced ['°P]PA production. Sta- 
tistical significance was determined by a paired t test ("P < 0.05 
‘versus stimulated peDNA3). 


binding were determined using a similar 
approach with multiple Bare 
2, Dto F). Deletion of either the N 
‘or C terminus of Buarrestin 2 was of little conse- 
quence. However, the mutant composed of 
amino acids 1 10 176 was not observed in HA- 
DGK immunoprecipitates. Therefore. the eriti- 
cal elements of DGKS binding within arrestin 
2 appear to be between residues 177 and 2 


vextor-transfected cells produced 4.8 » 0.4 times 
a much radiolabeled PA with $ min of endoge- 
nous MIR stimulation. Overexpression of either 
Barrestin 1 or Baarestin 2 increased ayonist- 
induced PA levels to 7.2 = O.6.and 8. » 0.9 times 
the basal stat, respectively 

To further analyze the role of framestins in 
MIR stimulation of DGK activity, we used 
small interfering RNA (siRNA) to deplete endog- 


2 truncation 


0 % 
ng GFP-barrt ONA 


700 


significance was determined by one-way ANOVA with a Bonferroni post hoc 
test to correct for multiple comparisons ("P < 0.05 versus stimulated control 
cells; ***P < 0.002 versus stimulated control cells; +P < 0.01 versus 
rnonstimulated control cells). (F) Anti-GFP immunoblot showing expression of 
GFP-tagged rat frarrestin 1 in HEK293 cells treated with siRNA specific for 
human frarrestin 1. (G) Summary data of rescued [PIPA production 
normalized to nonstimulated control siRNA transfections. Values shown 
represent the mean + SE of three independent experiments. Statistical 
significance was determined by one-way ANOVA with a Bonferroni post hoc 
test to correct for multiple comparisons (*P < 0.05 versus nonstimulated cells; 
"P< 0.01 versus nonstimulated cells). 
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«enous farestns in HEK293 cells (/6). Spectic 
SIRNAS reduced expression of Brarestin | by 
~80% and feamestin 2 by ~90% (Fig. 3D) and 
nificantly affected the ["PIPA generated in 
response lo carbachol stimulation (Fig. 3E). Rel 
ative to untwated, nonstimulate cells, cells wans- 
fected with nonsilencing control sRNA showed 
tor of 28 = O4 increase in the amount of PA 
produced after agonist treatment, whereas 

treated cells. produced only 
1.7 © 0.2 times as much radioactive PA. The 
effects of depleting Bamestn | were even greater, 
reducing basal PA concentrations 10 less than 
half (043 = 0.08) of contol and limiting the 
carbachol-stimulated response 10 0.8 = 0.1 of 
the contol basal st 

‘To validate the RNA interference results, we 
investigated the effect of replenishing cells with 
exogenously expressed framestin [after siRNA 
treatment, Rat Beamestin | fused to green fluo 
rescent protein (GEP) was expressed in cell 
transfected with siRNA. urgeting the human 
arrestin | sequence, Although Bearrestin 1 pro 
teins fiom these species are 0% ential, 
siRNA directed against human frarresin 1 has 
noefectonexpression of rat arrestin I because 
of six nucleotide mismatches within the 21-base 
cto which the siRNA hybridizes, With an 
asing titration of rat GEP-feamestin 1 plas- 
iid, there was a proportional rise in fasion 
protcin expression Fig. 3F)(to about $ times the 
amount of endogenous framestin 1) and a eon- 
‘comitant augmentation inthe incorporation of =P 
into PA (Fig. 3G and fig. S2B). GEP-frarrestin 
1 rescued 71% of the carbachol-stimukated PA 
(100 = 0.5% increase aver basal control cells) 
(Fig. 36) 

Next, we sought 10 dissociate the roles of 
[amestins in receptor desensitization from their 
DGK scaffolding. funetion. We sereened the 
arrestin 2 deletion mutants used previously 
for use asa dominant negative protein to inhibit 
DGK activity. The B-arrestin 2 163-410 mutant, 
henceforth referred to as BanON (fearrestin 2.0 
N terminus), was robustly overexpressed, bound 
all isoforms of DGK tested in coimmunopeecipt- 
tation experiments (ig. S3A), and also competed 
with endogenous B-amestins for binding to DGKs 
in a dose-lependent manner (fig. S3B). How 
ver, this mutant lacks N-terminal residues that 
are critical for receptor binding (20) and thus, 
as expected, failed 10 interact with agonist- 
stimulated TIMRS (fig. S3C), Thus, far ON ap- 
peared to act as dominant negative frarestin, 
retaining DGKs in the eytoplasm and probibiting 
translocation of the -arestin-DGK complex to 
activated 7TMRS. Immunoblotting muscarinic 
receptor immunoprecipitates for cross-linked 
DGKE revealed a carbacholdependent associa- 
tion that was eliminated by BatON overexpres- 
sion (Fig. 4A. and fig. S3D). We compared 
HEK293 cells transfected with BarON 10 cells 
transfected with an equal amount of peDNA3 
Vector. Extracts trom contol cells showed a 
factor of 4.0 = 0.4 increase in DAG phosphoryl 


ation afier agonist stimulation, whereas the 
BarrON-transfected cells generated only a factor 
of L9 = 0.3 increase (Fig. 4B and fig. S2C). 
Our results demonstrate the ability of 
farestins to recruit DGKS to a ligandactivatad 
G.ecoupked TIMR. This finding is analogous to 
their previously discovered fimetion in recruiting 
CAMP phosphodiesterascs 10 the Gcoupled 
Bradenergic receptor. However, the second 


messenger degrading enzymes involved in the 


G, and Gy pathwa 


/s are structurally and fine- 


tionally unrelated. Thus, the data suggest avery 


sensitization. Unlike adenesine S'-monophosphate 
(the degradative product of phosphodiesterase 
action on CAMP), which is biologically inactive, 
PA resulting fom DAG phosphorylation by 
DGKs has been implicated as an effector in many 
ling pathways. Consequently, framestin 

mediated targeting of DGKS to 7TMRs may also 
serve as a critical mokkcular switch, tuming off 
DAG-dependent signaling (such as PKC) while 
activating PA sensitive pathways 
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Structural and Regulatory Genes 
Required to Make the Gas 
Dimethyl Sulfide in Bacteria 


Jonathan D. Todd,” Rachel Rogers, You Guo Li,** Margaret Wexler, Philip L. Bond, Lei Sun,? 


Andrew R. J. Curson,? Gill Malin,? Michael Steinke,?$ Andrew W. 
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Dimethyl sulfide (OMS) is @ key compound in global sulfur and carbon cycles. DMS oxidation 
products cause cloud nucleation and may affect weather and climate. DMS is generated largely by 
bacterial catabolism of dimethylsulfoniopropionate (DMSP), a secondary metabolite made by 
marine algae. We demonstrate that the bacterial gene dddD is required for this process and that its 
transcription is induced by the DMSP substrate. Cloned dddD from the marine bacterium 
Marinomonas and from two bacterial strains that associate with higher plants, the Na-fixing 
symbiont Rhizobium NGR234 and the root-colonizing Burkholderia cepacio AMMD, conferred to 
Escherichia coli the ability to make DMS from DMSP. The inferred enzymatic mechanism for DMS 


liberation involves an i 


tial step in which DMSP is modified by addition of acyl coenzyme A, rather 


than the immediate release of DIS by 2 DIMSP lyase, the previously suggested mechanism. 


annually by many marine phytoplankton 

(1-3), seaweed macroalgae (4), and some 
angiosperms, including the sak marsh grass 
Spartina (3). For these organisms, DMSP is an 
‘osmoprotectant, Which is released during physi- 
ological and mechanical stress, viral ysis, or 


L= amounts of DMSP are produced 


szer attack (6), Much of this is then catab- 
olized through microbial action, mostly by 
marine bacteria (7-9, DMSP catabolism is 
hypothesized to occur through one of two path- 
ways (7, 10). The dominant process, which 
carries about 80% of the total global flux, in- 
volves demethylation of DMSP (70), The other, 
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DMSP lyase, route (7) involves a different en- 
~zyimatic cleavage of DMSP (Fig. 1) that results in 
DMS, the predominant form of sulfur emitted 
from marine environments. DMS oxidation 
products nucleate cloud formation, increasing 
the albedo over the oceans, and hence may 
contribute to a reduction in global temperatures 
(2), DMS is also a potent chemoattractant for 
some enustaceans (copepods) and binds (shear 
Waters and petrels) as a marker for their potential 
food! supplies (11, 12) 


ddA, which specifies 3 
thylase, was identified in Silcibacter 
pomeroyi DSS-3, a marine d-proteobacterium that 
«can also form DMS from DMSP (/3, 14). OF 
thologs of this demethylase occur in many 
maine bacteria, including the abundant Pela 
hhacter ubique (14). No gene(s) involved in the 
DMSP lyase pathway are known, although several 
‘clases of bacteria grow with DMSP as the sole 
carbon source, releasing DMS when they do 
‘80 (7). We tenm this phenotype Du” (DMSP- 
dependent DMS), 

To identify some of the key ddd genes, we 
‘sampled bacteria from root surfaces of the salt 
marsh grass Spartina anglica and grew them 
With DMSP as the sole carbon source (/5), We 
Purified a DMSP-catabolizing bacterium (strain 
MWYLI), which had a 16S rRNA. sequ 
‘99% identical to that of Marinomonas, & marine 
‘-protcobacteriam genus known to inehide Del” 
strains (/6). Cultures of MWYLL were grown 
in minimal media with either DMSP. glycetol, 
‘or both as carbon sources and assayed for DMS 
production. DMS was produced only if cells 
were pregown with DMSP (with or without 
ulycerol), demonstrating that DMSP pretreat~ 
ment induced DMS-synthesizing activity 100- 
fold in Marinomonas (Table 1), 

‘To clone the relevant Marinomonas ddd 
arenes, we made a fosmid fibrary of MWYLI 
genomic DNA in Escherichia coli. No primary 
transfectants grew when DMSP was prov dled as 
the sole carbon source, but one E. eal trans 
fectant produced DMS when grown on medium 
with DMSP plus glycerol. Retransformation 
of E. coli confirmed that this Ddd” phenotype 
\was due to this fosmid, Through subcloning. we 
identified two predicted transcriptional units, 
termed dD and dld7BCR (containing, cklT, 
dikdB. dtC, and ddd), which are transcribed 
dlivengently from cach other (Fig. 2). These two 
‘operons, along with their promoter regions, were 
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subcloned individually. We found that E, coli 
containing either dddD or dddTBCR, each 
with their native promoters, produced no DMS 
when grown on DMSP. Therefore, both ofthese 
‘operons are required for the Dud” phenoty 
We also cloned ddD imo a vector (pET21a) 
where its expression was induced by isapropy 
B-thiogalactopyranoside (IPTG). E.coli contain- 
ing this plasmid formed DMS (S00 nmol DMS 
min” mg dry weight ') from DMSP but only 
upon IPTG addition. Thus, dldD alone conters 
8 Did” phenotype ifexpressed fiom an ectopic 
promoter. The failure of diD to confer 3 Did” 
phenotype when controlled by is own promoter 
suggested that it required a positively acting 
transcriptional regulator, most likely encoded by 


ee 
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the dddTBCR operon. This was confirmed; in 
the presence of DMSP, subcloned dddR alone 
activated expression ofa transcriptional fusion 
in which dddD, with its native promoter, was 
fused to lacZ (Table 2), Consistent with this, 
the sequence of DddR showed that it was in 
the LysR family of bacterial transcriptional 
regulators, 

The sequence of the DddD gene product 
placed it in the family of type IIT acyl coenzyme 
A (CoA) transferases, not in a lyase family as 
hypothesized (7), The closest DddD homolog 
(26% identity) with known function is E, coli 
CaiB, ay butyrobetainyl-CoA:camitine CoA- 
transferase that adds acyl CoA to the amino 
acid camitine, a molecule with structural sim- 


o 


(ony on.cn.ce 
DmsP 


Fig. 1. Representation of conventional and revised pathways for DMSP catabolism. The dotted, 
central line portrays the DMSP lyase pathway. Box 1 shows the demethylation pathway, the first 
step being catabolized by DmdA (14). Box 2 shows our suggested incomplete pathway, derived 


from predicted general functions of DddD. 
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ilarity to DMSP. The Marinomonas MWYLI 
Dad proteins were >93% identical to proteins 
in the closely related Marinomonas strains 


MEDI21 and HTCC2207. Furthermore, the 
Dad" marine a-proteobacteria S_pomeroxt 
DSS-3 and Sayimnla stellata E37 both have pro- 


Table 1. Effects of cloned and mutant ddd genes and pregrowth in DMSP on DMS production. Wild- 
type and Odd~ mutant Marinomonas MWYL1, B. cepacia AMMD, Rhizobium NGR234, and E. coli 
containing various combinations of cloned ddd genes were examined. Strains were grown in ap- 
imal media with glycerol (G) or glycerol plus DMSP (G + D). DMS emissions are in nmol 
img dry weight”, Details of pBIO plasmids containing cloned ddd genes are in table S1. 
ND indicates not detectable; NT, not tested. Values for Marinomonas MWYLL wild type grown in 
DMSP as sole C source averaged 12,095 + 302 (= SE), indicating that the addition of a second, 
utiizable carbon source may stightly depress DMS emission. 


DMS emission after pregrowth in 
Status of ddd gene 


G G+o 
‘Marinomonas MWYLL 
Wild type 89227 776 2148 
Dado mutant ND ND 
dR mutant ND ND 
E coli 
None added ND i) 
\dddO-dédTBCR trom MWYL1 150 +27 604 = 45 
8. cepacia ANMD 
Wild type 12018 ss34 
‘Rhizobium NGR234 
Wild type 170 +25 132277 
E coll 
<dddO rom 8. cepacia AMMO wr 2365 
cdddo {rom Rhizobium NGR234 Cu 402 + 54 


Table 2. Effect of dddR of Marinomonas MWYLA and 8. cepacia AMMD on ddd-lacZ expression. 
Strains of E. coli and Marinomonas containing dddO-lacZ fusion plasmid p8101603 were grown as 
in Table 1, Derivatives of E. coli containing cloned dddR of Marinomonas MWYLL (in pBIO1601) or 
8. cepacia AMMD (in pBI01608) were assayed for (-galactosidase in triplicate. 


‘dddO-lacz expression 
Status of dédR gene eS eS ee 
6 G+o 
E coli 
Absent ns4 923 
Cloned dddR of Marinomonas MWYLA 8229 1065 + 124 
Cloned ddd of B. cepacia AMMD 69214 1495 + 30 
Marinomonas MWYL1 
Wild type 61s12 4700 + 176 
Fig. 2. The ddd regions of Marinomonas MWYL1, B. cepacia A 


‘kins with ~40% identity 10 DddD of Marino- 
smonas (13) (fg. SU), 

Two other bacterial stains not previously 
known to catabotize DMSP have proteins about 
64% identical to Marinomonas DAdD. These 
are the q-protcobacterial No-fixing, symbiotic 
Rhizobium NGR234, which induces nodules on 
many diflerent legumes and on the nonlegume 
Parasponia (17, 18), and the eproteobacterium 
Burkholderia cepacia AMMD, found on roots 
of many angiospenns (/9). Neither Rhizobium 
NGR234 nor &. cepacia AMMD grew on DM 
a sole carbon source, but both rnitted DMS 
‘when grown with DMSP plus another carbon 
souree, AS with Marinomonas, their Dad” phe- 
notype was induced by DMSP (Table 1). When 
<dddD homologs of Rhizobiun NGR234 and B. 
expacia AMMD were individually cloned and 
supplied by a promoter in the vector, they both 
conferred a Dad” phenotype to E. coll (Table 1) 
Other strains of Rhizobium and Burkholderia 
that tack ddd) (15) made no DMS on media 
containing DMSP plus glycerol 

The closest homolog to Marinomonay DadR 
was a protein of 60% identity fiom B. cepacia 
AMMD (Fig. 2). The cloned AMMD diddR-lke 
gene, which is adjacent dD of this 9% 
fully induced expression of Marinomonas 
ckldD-lacZ in E.coli that was: pregrown with 
DMSP (Table 2). Ths, B. cepacia DAUR ac 
vates expression of ddd of the distantly related 
Marinomonas. 

Toconfinm the importance of cldD and dR 
in DMSP catabolism in Marinomonas, we made 
transpeson insertions in each of these genes (75), 
Neither the D&D” nor the DXdR™ mutants grew 
8 DMSP as the sole carbon souree, and neither 
made DMS in DMSP plus glycerol mx 
Table 1). Further, the ddD-lacZ fasion was not 
expressed in the DJdR™ mutant 

Although the Marinomonas ddd, dldB. and 
<dddC genes were not required to contr a Dad” 
phenotype 10 E. coli, their location su 
that they might be involved in DMSP 
lism. DadT may be required for DM! 
because it is in the bet 


uptake 
umitine-choline= 


‘AMID, and Rhizobium NGR234, (A) Genes are shown as —=— <— "7 
arrows. The product of “adh” in NGR234 is related to alcohol oo aa sere 
dehydrogenase, as is DddB (hatched arrow). The atp, per, 

‘and pbp gene products are, respectively, the predicted Arison NORA 


adenosine triphosphatase (ATPase), permease, and periplas- 
mic binding protein of an ATP-binding cassette (ABC) trans 


porter of betaine-like molecules in Rhizobium NGR234. (B) aD aT Coe oR 
iensions of cloned Marinomonas ddd genes in various 
plasmids (table $1). The dimension of the dddD-lacZ fusion B 
pBI01603 is also shown. 
ceeeeceeeeeesecccennn PIO NEO? 
er a01000 
bez 
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‘ransporter (BCCT) family, whose members tars 
Port diflerent betaine molecules. DddB is in the 
family of Fe-containing alcohol dehydrogen- 
aases, and DdJC is a predicted methylmalonsate- 
semialdchyde dehydrogenase-like protein. In 
E, coli, the transporters for betaine (BetU) and 
scamitine (CaiT) are, respectively, 45% and 27% 
identical to Dud and so may substitute for the 
bona fide DddT of Marinomonas. 

‘The two Dd strains of Rhizobium and 
Burkholderia have unusually wide host ranges 
‘on angiesperms, so we speculate that their hosts 
may inclide species that, like Spartina, make 
DMSP. Neither B. cepacia nor Rhizobium 
NGR234 used DMSP as a sole carbon source 
under our conditions. However, their partial 
«catabolism of DMSP, forming DMS, may have 
«role in detositication or in signaling. Also n= 
‘expected is that the predicted funtion of DddD_ 
type IL acyl CoA transferase, very dif 
forent from the DMSP lyase that was hypothe 
sized to cleave DMSP directly (7) (Fig. 1). 
Given its homology to E. coli CaiB, D&dD is 
predicted to add CoA to DMSP, a key step 
preceding subsequent cleavage and release of 
DMS, The proposed DMSP-CoA thioester 
may be catabolizad by one oF more steps 10 
DMS plus 3-hydroxypropionate (Fig. 1). This 
scheme could accommodate the observations (20) 
that a Dad” ceproteobacterium, when grown on 
DMSP, produced DMS and accumulated 3- 
hydroxypropionate but not acrylate, a predicted 
product of DMSP lyase (Fig. 1). 

Cai of E, colt is a homodimer of Wwo sep- 
arate CaiB polypeptides (22). In contrast, the 
DdD proteins in the Dal” bacteria shown in 
fig, SI ate all about twice the size of E. colh 
CaiB and comprise tandem, impertict repeats 
separated by a poorly conserved linker (ig. S1). 
The homology between these DAUD intramolee- 
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ular repeats is greatest at their N-termini, which 
include the active site for CaiB (fig. $1). There- 
fore, a single DudD polypeptide may form the 
dimer-type structure for acyl CoA transferases 
‘whose substrate is DMSP. 

The genes in the published Sangasso Sea 
bbactenal metagenome (22) include one homolog 
‘each of D&dD (58% identical) and DSR (60% 
identical). Therefore, the Dud system oceurs in 
‘oceanic bacteria, although less frequently than 
docs the DmdA DMSP demethylase (14). Other 
‘bacteria may have different ways of making DMS 
from DMSP, because we noted that didD homo- 
logs are absent from two other DMS-emitting 
stains, Sufftobacter sp. EE-36 and Rosenarius 
smubinhibens ISM. Kt will be of interest to deter- 
mine the range of different mechanisms. for 
DMSP catabolism in bacteria and 10 understand 
their roles in global sulfur and carton eyeles 
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DNA Extraction Solution 

The QuickExtract ONA Extraction Solution pre 
pares DNA ready for polymerase chain reaction 
from animal tissve, hair follicles, fingernails, 
{eather quils, and mouse tail snips. The one-tube 
protocol takes only eight minutes. The method 
allows for the inexpensive processing of one to 
‘hundreds of samples simultaneously, without the 
need for centrifugation, spin columns, oF toxic 
‘organic solvents. Archived samples are stable for 
years at~20°C. 

Epicentre Biotechnologies For information 
{800-284-8474 wwe EpiBio.con/QuickEstract.asp 


‘Submicroliter Pipetting 
The BioRaptr and PicoRaptr systems feature 
advanced, accurate fluidic technology suitable 
{for assay miniaturization. The Bioraptr is an 
automated, non-contact dispenser for 384-well, 
1536-well, and 3456-well plate formats. It 
detivers precise and accurate dispensing across 
a low-volume range of 100 nl to 60 ut, without 
ross contamination. The PicoRaptr features an 
eight-tip piezo head and dual-plate carrier 
stage for high-speed aspiration and pipetting 
for ultra-low volumes, from 1 nl to 100 yal With 
various configurations, the PicoRaptr worksta 
tion provides the ability to complete spotting: 
compound formatting; dose response for cell: 
based assays; and single nucleotide polymor 
phism assays in high-density microplates, 
slides, and chips. 

Beckman Coulter For information 

714-993-8955 wun. beckmancoulter.com 


Thermal Sealer 

MiniSeal is an entry-level, semi-automated ther 
‘mal sealer for laboratories sealing small to 
‘medium batches of microplates. Designed for con: 
venience, the compact MiniSeal requires only to 


Laser Microdissection 


The PALM MicroBeam for laser microdissection permits non-contact, contamination free 
isolation of homogeneous specimens from tissue or the acquisition of living cells for the 
molecular analysis of DNA, RNA, and proteins. The system is based on the Axio Observer 
research microscope. The integration of various modules permits the system to be 
upgraded for future tasks. It provides gentle handling of cells, from preparation and cut 
ting up to.atapulting. The possibilty of extracting and analyzing small quantities of start: 
ing material opens new applications in pathology and cancer research as well as in stem 
«ell research and individualized medicine. Working with the PALM MicroBeam is enhanced 
by newvimage analysis techniques such as multi-channel fluorescence and extended focus. 
(Carl Zeiss For information 914-681-7627 wn zebs.demicro-press 


bbe plugged into a single electrical outlet to oper: 
ate. There is no need to site it near a compressed 
air source or to buy a dedicated compressor. 
Unlike hand-operated manual thermal sealers, 
the instrument makes use ofa set sealing pressure 
to deliver highly reproducible plate seals. The 
device can produce a tight seal on any stan: 
dard, deep-well, or polymerase-chain-reaction 
microplate from 3 mm to 62 mm in height. The 
temperature is adjustable from 50 °C to 200 *. 
Porvair Sciences For information 

+44 1932 240255 wn porvair-sclences.com 


Dry Diaphragm Pump 
The MVP 006 is a dry diaphragm pump that can 
be integrated into compact analytical instru: 
‘mentation and small vacuum pump stations, The 
MVP .006 offers a pumping speed of 6 liters per 
‘minute, with automatic speed regulation and 
optimized materials for increased diaphragm 
life. The pump provides a dry oil-free vacuum for 
Use in contamination-sensitive locations and 
applications. The MVP 006 can be combined with 
the Pfeiffer Vacuum TMH/U 071 and TPD 011 
turbopumps for applications that require low 
energy consumption and reliable operation, such 
as small mass spectrometry systems. The combi 
‘ration optimizes power consumption, vibration, 
and diaphragm life, with only one power supply 
needed for both pumps. 

Pfieffer Vacuum For information 603-578-6500 
vermpteiter-vacuum.com 


Imaging System 
The Montage Explorer imaging system is an 
automated sample scanning and image stitch: 
ing system that helps microscopist rapidly pro 
duce a single, perfectly focused image of an 
entire microscope slide. The system consists of a 
high-resolution color charge-coupled device 


digital camera that can be fitted to virtually any 
microscope, with or without a motorized stage, 
integrated to a state-of-the-art personal com: 
puter. Montage Explorer dynamically extends 
the field of view so that as users move their sam: 
piles they can simultaneously extend the depth 
of field, to produce a three-dimensional image 
in real time. This allows microscopists to use 
hhigh magnification and high-resolution micro: 
scope objectives on a wide field of view and 
saves the time and efforts of manually pasting 
many images together. For even greater time 
savings, Montage Explorer can also be used with 
an automated xyz-stepper stage, which can be 
supplied as an integrated part of the system. 
‘Syncroscopy For information 800-686-4415, 
vsyncroscopy.com 


For more information visit Prodluct-Iofo, 
Science's new online product index 
at htip://science.labvelocity.com 
From the pages of Productnfo, you can: 
* Quickly find and request free 


information on products and services 
found in the pages of Science. 

+ Ask vendors to contact you with more 
information 

+ Link directly to vendors’ Web sites. 


Neniy offered instrumentation, apparatus, and laboratory 
_msteritot intrest to researchers all diciplines in academic, 
industial, and government organizations ae featured inthis 
space. Emphasis is given to purpose, ce characteristics, and 
_ailablty of products and materials. Endorsement by Science 
(AMS of any product or materials mentioned snot implied. 
‘Aitionalintrmation maybe obtained fom the manufacturer 
{supple by visitng wnescence.abyelacity.com onthe Web 
here you can request thatthe infomation be sent to you by 
email fax, malo telephone, 
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Gordon Research Conferences 
th 2007 Session II Meetings (June-October) 


VISIT THE frontiers of science GO TO AGORDON CONFERENCE 


LOCATION / INFO 
Lewiston, ME 
Big Sky Resort Big Sky, MT K 
| Bryant University ‘Smithfield, RI 3650 | "$590 | “$440 
‘Centre Paul Langevin ‘Aussois. France se25_| $765 | $555 
Colby College Waterville, ME '$600_| $535_| $440 
Colby-Sawyer College ‘New London, NH '3600_| $535 | $440 
Holdemess School Plymouth, NH s775_| $710 | $615 | s600_| $535 _| $440 
ICiocco Barga, Italy ‘St175 | $975 | $755 | $1000 | s800_| $580 
Los Diablerets Conf. Center| Les Diablerets, Switzerland '$1,400| $1,300] $1,110] $1,225] $1,125| $935 
Magdalen College (Oxtord, UK $1,215] $1,215] $850_| $1,040] $1,040] $675 
Magdalen College (GRS: Catecholamines) '$500_|-s500_| $350 [$500 [$500 _| "$350 
Mount Holyoke College | South Hadley. MA 's75_| $710_| $615 | s600_| $535_| $440 
Proctor Academy ‘Andover, NH s775_| $710_| $615 | $600 | $535 | $440 
Proctor Academy (GRS: Polymer Colloids) $300_|s2es_|s255_|"s300_|s2as_| $255 
Salve Regina University | Newport. RI sa25_| s765_| $615 | s650_| $590 | $440 
Salve Regina University | (GRS: Organometallic Chemistry) | $325 | $300 | $255 | $325 | $300_| $255 
Tilton School Tilton, NH s775_|-s710_| $615 | s600_| $535 [$440 
Tilton School (GRS: Plant Metabolic Engineering} $300 s2es_| $255 | s300 | szas_| $255 
University of New England | Biddeford, ME sa3s_|se35_| 615 | se60 | “s660 [$440 
Waterville Valley Resort__| Waterville Valley, NH 
Waterville Valley Resort 


For more information, including online application, visit us on our NEW web site at: 


www.grc.org 
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‘+ The Role of Nuclear Receptors in Aging 
(Gordon Lithgow / Adam Antebi / 
Gretchen Darington / J. Christopher Corton / 
David Moore) 
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(Cynthia Kenyon / Monica Driscot / 
“Tom Johnson /Arlan Richardson / 
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‘+ Keynote Talk 1: Roles of Cadherins 
‘and Catonins in Endothelial Cell40-Coll 
Communication and the Regulation of 
Angiogenesis 
(Elisabetta Dejana) 

‘+ Keynote Talk 2: Cellular Specialization in 
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\VEGF-, PDGF- and Notch Signaling 
(Chiister Betshottz) 
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MATTHEW ALBERT & 

PRAMOD SRIVASTAVA, CO-CHAIRS 
‘SHANNON TURLEY, VICE CHAIR 


‘© Cot Death 
(Seamus Martn / Guido Kroemer / 
‘Ann Marshak-Rothstein) 

‘+ Antigen Transfer to Dendritic Cells 1 
(Stophen Schoenberger! 

‘Ton Schumacher / Margaret Callahan / 
[Nir Hacohen / Wiliam Heath) 

‘+ Antigen Transfer to Dendritic Cells i 

(Potor Crosswol!/ Robert Binder / 


(Michael Lotze | Kevin Tracey / 
Caetano Reis e Sousa / Kenneth Rock) 

‘+ Antigen Capture 
(Lynda Stuart | Patrick Wiiamson / 
‘Nathalie Franc/ Lucas Pelkmans) 

+ Phagosome Maturation 
(Sergio Grinstein / Colin Watts / 
‘Sebastian Amigorena / Ira Meliman) 

‘+ Antigen Processing & Presentation 
(Shannon Turley | Nilabh Shastn / 
Jonathan Yewdell/ Witred Jetteries) 

‘+ Clinical interface 
(Hyam Levitsky / Herbert "Skip" Vegin / 
Warren Shiomchik) 

‘+ Historical Perspective / Evolution 
(Chars Dav Jean-Ciaude Ameisen / 
Michael Bevan) 


APOPTOTIC CELL RECOGNITION & 
‘CLEARANCE 

BATES COLLEGE 

LEWISTON, ME 

‘JUN 17-22, 2007 

KODI RAVICHANDRAN 8. 

MICHAEL HENGARTNER, CO-CHAIRS 
MARTIN HERRMANN & 
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‘+ Keynote Talk 1: Playing Hide & Seek with 
Phosphatidylserine 
(Robert Schlegel) 

‘+ Keynote Talk 2: Systems Analysis of 
Phagocytosis 
(Lynda Stuart) 

‘+ Gotting together: Phagocytic Receptors 
‘and Ligands 1 
(Yosh Nakanishi/ Shyra Gardai / 
Giovanna Chimin / Zheng Zhou) 

‘+ Phagocytic Receptors and Ligands it 
(Robert Schloge!/ Peter Henson / 
‘Nathalie Franc) 

‘+ Good Eating Habits: Mechanisms of 
Ingesting and Digesting Corpses 
(Kodi Ravichandran | Ray Birge / 

‘Shige Nagata / Lars Peter-Erwg) 

‘+ Nibbling on the Food: Pruning of Axons 
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‘Adam Lacy Hubber / Laszio Fesus) 
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(Chris Gregory Matin Hermann / 
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‘Apoptotic Cells 
(Dave Pentt/ James Goorge 
‘Adian Morreli/ James Ferrara / Terry Fry) 
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(Martin Herrmann | Chets Gregory) 
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‘SOUTH HADLEY, MA 
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KENNETH NEALSON, CHAIR 

NICOLE DUBILIER, VICE CHAIR 


+ New Metabolic Pathways 
Electricity and Hydrogen from Microbes 
Microbes as Environmental Biosensors 
‘Mechanisms of Extracellular Electron 
Transfer 
+ Biofilm Formation and Stability 
‘+ New Technology for Imaging Microbes 
+ New Technology for Measuring Microbial 
Processes 
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BETTINA SIEBERS, CO-VICE CHAIRS. 


‘+ Keynote Taik: Starting and Stopping 
‘Transcription 
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(Thorsten Alles /Ed Bolt/ Isaac Cann / 
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(Haruyuki Atom / Paul Blum / 

Robert Gunsalus / Wiliam Motealt/ 
‘Joln van der Oost / Ruth Schmitz) 
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{Steve Boll Joseph Kr2yek!/ Dieter Sol) 
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(Sonja Albers / Jony Eicher / Peter Lund / 
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(Patrick Forterre / Eugene Koonin) 
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(Ante Boetis / Edward DeLong) 

‘+ Archaeal Proteins and Physiology 
(Amulf Kletzin /Biswarup Mukhopadhyay / 
Ralf Thauer/ Simon de Vries / Robert White) 

‘+ Physiology and Regulation of 
‘Carbohydrate Metabolism 
(Whikam Whitman | Peter Schénht 
Bettina Siebers) 


Celebrating our 75th Anniversary on the Frontiers of Science (1931-2006) 


ASSISTED CIRCULATION 
BIG SKY RESORT 

BIG SKY, MT 

‘AUG 19-24, 2007 

LESLIE MILLER, CHAIR 
JOHN WATSON, VICE CHAIR: 


‘+ Where are we now? INTERMACS Update 
(im Kirkn | Jim Young) 

‘+ Where are we now? Industry Update 
(Mike Acker! George Weiselthaler / 

‘Jim Long / George Noon) 

‘+ Putting an End to Complications of MCS: 
Innovative Ideas and Best Practices 
(Mariel! Jessup | Randy Stating | 
Keith Aaronson / Wiliam Harmon / Don Hil) 

‘+ Biologic Responses of MCS (Including 
AAnti- Aggregation!C oagulation) 

(Gary Eikelboom / Guitermo Torre / 
E@ Tite / Silvis tescu / Dan Birkotf) 

‘+ Designing the Next Clinical Trials 
(Erie Rose | Les Miter 
Lynn Warner Stevenson / Marv Konstam / 
‘Annetine Gallins / David Farrar) 

‘+ RogulatoryiFunding/industry Constraints, 
in Clinical Trials 
(Bob Kormos/ Jef Nelson / 

Bram Zuckerman / Don Middlebrook / 
dane Reedy) 

‘+ Innovations in Technology to Advance the 
Field and Enhance QOL for Patients 
(ohn Watson | Tim Baldwin | im Anderson / 
Harvey Borovit / Stoven Boyce / Jeff Rose) 

‘+ True LV Recovery: How Do We Quadruple 
the Percent of Patients Weaned Of 
Devices? 

(Magal Yacoub | Frank Pagani! 
Doris Taylor / Ken Chien / Jennifer Hall 
Emma Birks Harefold) 

‘+ Goals for MCS in 2012 

(Les Mitor John Watson) 


ATHEROSCLEROSIS 
IL ciocco 

LUCCA (BARGA), ITALY 

JUN 17-22, 2007 

CHRISTOPHER GLASS & 

MICHAEL ROSENFELD, CO-CHAIRS 
MARTHA CATHCART, VICE CHAIR, 


‘+ Nuclear Receptors and Coregulators 
(ohon Auworx / Peter Tononoz / 

Jorge Piutzky) 

+ Innate and Acquired Immune Mechanisms 
(Goran Hansson / Joseph Witzum / 
2Ziod Malt / Linda Curis) 

+ Gonaties 
(Helen Hobbs / Joke Luss / Stove Young) 

+ Advanced Plaque: Death, Disruption, 
‘Thrombosis and Calcification 
(ir Tabas / Aisin Todgui/ Peter Libby / 

Linda Demer) 

+ Imaging 
(Chun Yuan! Zabi Fayed / Johannes Schaar) 

‘+ Macrophage Blology and Inflammation 
(Alan Adora /Siamon Gordon / 

Isreal Charo / Kathryn Moore) 

+ Vascular Gell Sources and Phenotypes 
(Seppo Ve-Herta | Gwendalyn Randolph | 
Statario Dinmeler) 

+ Lipid Metabolism and Reverse Cholesterot 
Transport 
(Alan Tall Cad Sparrow / Rudolph Zechner/ 
Bob Fareso) 

+ Diabetes and Metabolic Syndrome 
(Gar Staols/ Takashi Kadowaki/Alan A) 


ATMOSPHERIC CHEMISTRY 
BIG SKY RESORT 

BIG SKY, MT 

‘AUG 26-31, 2007 

DOUGLAS WORSNOP, CHAIR 
PAUL WENNBERG, VICE CHAIR 


+ Key Perspectives 
(Barbara Fintayson-Pits / Guy Brasseur/ 
‘Andi Andreae) 
+ Field Observations 
(Sasha Madronich | Dwayne Heard | 
‘Stave Brown / Scott Hemdon / Min Shao) 
+ Aerosol Chemistry 
(ohn Seinfeld / Urs Baltonsperger / 
‘Allen Goldstein / Hugh Coe) 
+ Lab Kinetics: 
(Kriste Boering / Paul Wine / 
Jonathan Abbatt) 
‘+ Models, Clouds, Nucleation 
(Dan Murphy / Ken Carsiaw / 
‘Thanos Nenes / Markku Kuimala) 
+ CO, Budgets 
(Ralph Keeling! Steve Wotsy / David Archer) 
+ Global Perspectives 
(Jennifer Logan / Alex Guenther / 
{at Jaegie / Steve Ghan) 
‘+ Upper Atmosphere 
(Dave Fahey / Thomas Roeckmann 
‘Nathaniel Lwesey / Brian Toon) 


ATOMIC PHYSICS: 
TILTON SCHOOL 

TILTON, NH 

JUL 1-8, 2007 

‘CHRIS MONROE, CHAIR 

PROTIK MAJUMOER, VICE CHAIR 


‘+ Quantum information 
(Cort Watiams / David Winetand / 
Gavin Brennan) 

+ Degenerate Gases | 
(Koith Burnett Zoran Hadzibabic) 

‘+ Degenerate Gases i 
(Dan Stampor-Kum | Randy Hulat) 

‘+ Condensed Mattor Links 
(Zason Ho / Keth Schwab / 
Richard Scalettar) 

‘+ Procision Measurements 
(an Kleppner | Gerald Gabrietse/ 
Wim Ubachs / Till Rosenband) 

+ Atomic interactions 
(Brett Esry / Georg Raithel) 

‘+ Attosecond Physics: 

(Phil Bucksbour / Paul Corkum / 
‘Mark Kasevich) 

‘+ Quantum Optics 
(Viad Vutet: Je Kimble / Mark Razer) 

‘+ Bio-Molecular Imaging 
(Jennitor Opie / Warren Warren / 
Yaron Sifberberg) 


Trumps immunological Abnormalities in 


‘+ The Adaptive and Reactive Barrier 
(Neil Kitson / Daniel Maes / 
David Basketter/ Michael Cork) 
‘+ Stratum Corneum Formation and 
Maturation 
(Tony Rawings / 
Eleftherios Diamandis / Michel Simon / 
Erwin Techachler / win McClean) 
+ Emerging Epidermal Barrier Functions 
(Walt Holoran / Ken Feingold / 
Fath Wiliams / Richard Gallo Des Tobin) 
+ Skin Biomechanics 
(Howard Maibach | Birgit Lane / 
Reiner Dauskarat/ Mark Kendal) 
+ Strategies to Maximize and Assess Skin 
Penetration 
(Mike Roberts / Annette Bunge / 
Richard Guy / Russ Potts) 
+ Consequences of Affecting of Crossing 
the Skin Barrier 
(Bil Drossier | Chris Anderson / 
‘Nancy Monteiro-Riviere/ 
‘Gerhard Nohynek / Bob Bronaugh) 
+ Hot Toples & Selections from Poster 
Contributions 
(Jerry Kasting / Juka Caussin | 
Florence Puch / Jim Riviere Sheree Cross / 
‘Audra Stinchcomb / poster contributions) 
‘+ Lifestyle and Barrier Function 
(Raman Govindarajan | Jens Thiele / 
Johan Wiechers/ Mii Solberg / 
‘Juergen Lademann) 
‘+ -ADebate on: Do Corneocytes Leak? 
(Peter Eas / Kon Walters / Joke Bouwstra) 


BIOINFORMATICS: THE INTERFACE OF 
‘COMPUTATION AND EXPERIMENT 
PROCTOR ACADEMY 

ANDOVER, NH 

JUL 15.20, 2007 

EDWARD MARCOTTE, CHAIR, 

CHRIS BURGE, VICE CHAIR 


+ Keynote Lectures: Quantitative 
Biotechnology 
‘+ Randomness and Noise in Biological 
‘Systems 
(Roochel Brom / Erin O'Shea / 
‘Alexander van Oudenaarden) 
‘+ Synthtic Biology 
(Adam Arkin) 
+ Comparative Genomics 
(Fite Roth 1 Gi Bojerano | Bruce Tallon) 
+ Gene Regulatory Codes: Chromatin, 
‘Transcriptional and Posttranscriptional 
Codes 
(Martha Bulyk / Chris Burge / 
‘Anton Enright! Zhiping Weng) 
+ Computational Systems Biology and 
Proteomics 
(Amy Keating / Robert Murphy / 
Dana Pe'er / Robert Waterston) 
‘+ Structure, Evolution, and Dynamics of 
Biological Networks 
(Michael Laub / Hanah Margall / Aviv Regev) 
+ Genome Evolution 
(Whitam Pross / Hunter Fraser / 
Eugene Koonin / Svante Paibo) 
+ Genomic Medicine 
(Bertie Gotigens / Eric Schadt) 
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BIOLOGICAL MOLECULES INTHE GAS PHASE 
BATES COLLEGE 

LEWISTON, ME 

JUL 22-27, 2007 

ALBERT HECK, CHAIR 

DAVID PRATT & 

JOAN-EMMA SHEA, CO-VICE CHAIRS, 


‘+ Koynote Talk: Serine - Chemistry, Clusters 
and the Origin of Life 
(Graham Cooks) 

'+ Hydrated Biomolecules in the Gas-Phase 
(Evan Wiliams | Davie Pratt! 

‘Vitaly Kresin / Rebecca Jockusch) 

‘+ Macromolecular Mass Spectrometry 
(lie Leary / Robert van den Heuvel / 

Lars Konermann / John Klassen) 

‘+ Protein Folding and Conformation by H/D 
Exchange Mass Spectrometry 
(ohn Engen / Elizabeth Komves | 
gor Kaltashov / Thomas Jorgensen) 

‘+ High-Resolution Spectroscopy of 
Peptides, Experimental Resutts 
(Leo Meerts/ Lavina Snoek / 
‘Mattanjah de Vries / Nick Polfer) 

"+ Related Condensed Phase Approaches 
(Tobias Baumgart/ Php Anfinnud / 

Haw Yang) 

‘+ Oxidation, Electron Transfer & Other 
Chemical Probes for Protein Conformation 
(Wieky Wysocki / Roman Zubarev / 

Kathrin Breuker / Michael Gross) 

‘+ Computational Approaches to Protein 
Conformation 
(Woan-Emma Shea / John E. Straub / 
Loon Mimy / Sean Decatur) 

‘+ HighResolution Spectroscopy of 
Poptides, Theory and Experiment 
(Benny Gerber / Jerzy Loszczynsi) 


BIOMATERIALS: 
‘BIOCOMPATIBILITY / TISSUE ENGINEERING 
HOLDERNESS SCHOOL, 

PLYMOUTH, NH 

JUL 22.27, 2007 

ANDRES GARCIA, CHAIR, 

WILLIAM REICHERT, VICE CHAIR 


+ Keynote: Creation of Functional 
‘Vessels for Gancer Therapy and Tissue 
Engineering 
(Rakesh Jain) 

+ Keynote 2: Cell Signaling Networks 
(Douglas Lauffenburger) 

+ Doviee Blological Performance 
(Patrick Stayton Witiam Shain? 
‘Thomas Baver / Howard Griese) 

+ Modeling Protein Adsorption 
(David Graingor ial Szeter/ 

Robot Latour 

+ Directed Tissue Repair 
(Kvn Hoaly/ Ravi Bolamkonds / 

Dan Gazit / Frangois Auger) 

+ Tissue Responses to Physica Stim 
(Joyce Wong! Sangeeta Bhatia / 

David Kaplan) 

+ Delivery of Therapeutics 
(Sholy Sakiyara-Eloert/ Ravi Kane / 
Lennie Shea / Krist Ke) 

+ Advances in Biomaterials Engineering 
(Got Hubba | JeniterEisseet / 
Darrel rine) 

+ Engineering Host Responses 
Guta Babansoo Thoms Kyrakides/ 
Neff Oavidson/ Ron Gi) 

‘+ Keynote 3: Physics and Technology 
Discharged from Franklin's Kite 
Experiment 
(Monty Reichert / Robert McGrath) 


WILFRED VAN DER DONK, CO-VICE CHAIRS 


‘+ Single Molecules and Biophysical 
Methods 
(Claudio Chuaqui/ Maria Petlegini/ 
Robert Singer / Sunney Xie) 


(Lizbeth Hedstrom | Robert Copeland / 
‘Donald Hivert/ Stephen Berkovic) 

‘+ Drug Design and Discovery 
(ohn Starett! Jay Grobler / Stewart Fisher / 
‘Andrea Cochran / Timothy Wilson) 

‘+ Transcription Factors and DNA Repair 
(Orlando Schaerer Jon Koh / 

John Essigmann / Gregory Verdine) 

‘+ Visualizing Cellular Biology 
(James Chen / Jennifer Lippincot-Schwartz / 
Kal Johnsson / Peter Sorger / 

‘Tom Kirchhausen) 

‘+ Molecular and Cellular Probes 
(Jeffry Bode 1 Gregor Ziokamk | 
Paul Hergenrother / Milan Miksich) 

‘+ Emerging Areas in Chemical Biology 
(Glason Gestwick!/ Helen Blackwol / 
‘Nicole Sampson / James Wels / 

Gerais Crabtree) 

‘+ New Paradigms in Bloorganic and 
Medicinal Chemistry 
(Brian Blagg Dale Boger 
‘Andrew Hamiton / Francois Diederich) 


BONES & TEETH 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

‘JUL 15-20, 2007. 

PANELA ROBEY, CHAR 
BRENDAN BOYCE, VICE CHAIR 


‘+ Epigenetic Control in Skoletal Biology and. 
Pathology 
(Gary Stef Anthony imbatzano / 

James Davie) 

‘+ Skaletal Development 
(Bjorn Otson / Stefan Mundios / Yinge! Yang / 
Rudolf Grossched!/ Gerard Karsenty) 

‘+ The Cell and Molecular Biology of Oral 
Tissues 
(Marta Somerman | Carolyn Gibson / 
Paul Sharpe / Malcom Snead) 

‘+ Bone and Hematopoiesis 
(Pa0b Blanco /Ana Cumano / 

David Scadden / Toshio Suda) 

‘+ Osteoimmunology 
(Brendan Boyce | Roberto Paci! 

Mary Beth Humphrey) 

‘+ Bone Metastases: Insight into 
‘Mechanisms and Novel Treatments 
(Theresa Guise / Olver Peyruchaus / 
YYibin Kang / Kenneth Pienta) 

‘+ FGF-23 in Calcium and Phosphate 
Metabolism 
(Gordon Strewier | tara Urakawa / 

Beate Lanske) 

‘+ The Biological Basis of Bone Therapies 
(Serge Ferrar/ Jack Martn / Fraser Coxon / 
Paul Kostenuk) 


‘+ Special Lecture: Bioarcheology and. 
Hidden Truths of the Skeleton 
(Gane Buikstra) 


CALCIUM SIGNALLING 
TILTON SCHOOL 

TILTON, NH 

JUL8-13, 2007 

INDU AMBUOKAR, CHAIR. 
ALEXE! TEPIKIN, VICE CHAIR 


‘+ Membrane Domains in Signaling 
(lim Putney | Annette Dolphin / 
Barbara Baia) 

+ Sensory and Transduction Mechanisms 
(Donald Gil / Baruch Minke / 
Wolfgang Liedtke / Tamas Balla / 
‘Atsushi Miyawak) 

+ Ca’ Stores and Ca" Release Mechanisms. 
(Kevin Foskett/ David Yule / 
‘Susan Hamiton / Eduardo Rios) 

‘+ Mechanisms of Ca” Entry 
(Coli Taylor / Tobias Meyer / Anjana Rao / 
‘Bemd Nits) 

+ Organization of Channel-Signalling 


‘Complexes 
(Cle Petorsen /Katsutiko Mkoshoba / 
Richard Huganir/ Clara FranzinArmstrong) 

‘+ Mitochondrial Ca: Bioenergetics and 
More 
(Alexo! Topikin/ Tullo Pozzan / 

‘Guy Rutter Woltgang Graier) 

‘+ Interaction of Ca™ with Other Signalling 
‘Mechanism 
(Shmuel Muallom | Alderbaran H / 
‘Shamshad Cockcroft / John Scott) 

+ Ca’*in Physiology and Disease 
(Emesto Caratol/ Gary Shull / 

Rone Bindols / Daniota Pietrobon / 
Pierluigi Ncotera) 

+ Keynote Lecture: TRP Channels: Roles 
In Sensory Signal and Human Health and 
Disease 
(Indu Ambudkar/ Craig Montell) 


CANCER MODELS & MECHANISMS 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

AUG 26-31, 2007 

WILLIAM KAELIN, CHAIR. 

GERARD EVAN, VICE CHAIR 


+ Keynote 1: Cancer Systems Biology 
(Mare Vida) 
‘+ Keynote 2: Advances in Molecular Imaging 
(Chris Contag) 
+ Flies and Worms 1 
(Mian Xu / Norbert Perimon) 
+ Files and Worms It 
(Gary Ruvkun / Jo Anne Powell Cottman) 
+ Frogs andFish | 
{Stephano Piccolo / Jackie Lees) 
+ Frogs and Fish i 
(Kei Cheng / Edwin Cuppen) 
+ Mice and Men | 
(Erwin Wagner / Andreas Trumpp) 
+ Mice and Men i! 
(Gerard Evan / Ned Sharpless) 
+ Mice and Men i 
(Rene Bemards/ Witheim Krek) 
‘+ Chemistry and Nanotechnology 
(Steven Quake /Tarun Kapoor) 
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‘CANNABINOID FUNCTION IN THE CNS 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

‘SEP 30-0CT 5, 2007 

MANUEL GUZMAN, OLIVIER MANZONI & 
‘GIOVANNI MARSICANO, CO-CHAIRS, 
DANIELE PIOMELLI, VICE CHAIR 


‘+ Opening Lecture: Cannabinolds - Quo 
Vadimus 
(Raphael Mechoulam) 

‘+ Endocannabinoid Signaling in the CNS 
(Ken Mackie! Vincenzo Di Marzo / 

Ben Cravatt/ Daniele Piomeli) 

‘+ Endocannabinolds and Neuronal 
Circuitry: Pain 
(Andrea Hohmann /T; Philp Malan J. / 
MacDonald J. Christie) 

‘+ Endocannabinolds and Neuronal 
Circultry: Learning and Plasticity 
(Pablo E. Castile / David Robbe / 
Carsten Wotjak) 

‘+ Endocannabinolds and Nouronal 
Circultry: Reward 
(Rafee! Maldonado | Taco J. de Vries / 
Emmanuel Vaijent) 

‘+ Endocannabinolds: Neuroinflammation 
and Signaling in Gliat Celts 
(Nephi Stella / David Baker / Carmen Guaza) 

‘+ Endocannabinolds and Neural 
Development 
(David A. Greenberg ! hoe Harkany / 
fsmaol Galve-Roperh) 

‘+ Now Tools in Cannabinold Research 
(Boat Lutz / Mauro Maccarrone / 

Joseph PLY. Kao) 

‘+ Endocannabinolds in Contral and 
Peripheral Metabolic Regulation 
(Gorard Lo Fur | George Kunos ! 

‘Uberto Pagetto) 

‘+ Closing Lecture: An integrated 
Prospective on Cannabinoids Research 
(George F. Koob) 


CARBOHYDRATES 
TILTON SCHOOL, 

TILTON, NH 

JUN 17-22, 2007 

TODD LOWARY & PENG WANG, CO-CHAIRS. 
PETER SEEBERGER & 

STEPHEN WITHERS, CO-VICE CHARS 


+ Glycoongineering 
(Stoven Withers 1X1 Chen 1 
Tilman Gemgross / Suzanne Walker) 
‘+ Carbohydrate Processing Enzymes | 
(Todd Lowary Gideon Davies / 
Paul DeAngols / David Vocadio / 
Warren Wakarchuk) 
‘+ Carbohydrate Processing Enzymes It 
(Nicola Pobl/ James Naismith / 
Mastin Tanner / La-Xi Wang) 
‘+ Glycopharmaceuticats | 
(Peng George Wang / Linda Hsieh-Wason / 
(ChisHuey Wong /Biao Yu) 
‘+ Glycopharmaceuticals I 
(Peter Soeborger/ 
CChitrananda Abeygunawardana / 
GeertJan Boons / Sun-Ichiro Nishimura) 
‘+ Structure and Bioinformatics 
(Mary Cloninger Julie Leary 
Kay-Hool Khoo / Christine Szymanski / 
CClaus-Wihelm von der Lieth) 
‘+ Conformational Analysis and NMR 
Spectroscopy 
(Allen Bush [Andrew Almond / 
‘Thomas Peters / Robert Woods) 


‘+ Carbohydrate Synthesis 1 
(Bertram Fraser-Reid | David Crich / 
Robert Field /Shang-Chen Hung / 
Yasuhiro Kajhara) 


ELIZABETH BOYER & 
HELEN DE WIT, CO-CHAIRS 
KEITH ESHLEMAN, VICE CHAIR 


‘+ Back to Basics: New insights into 
Biogeochemical Cycles 
(Bridigot Emmet | Nancy Grimm / 
‘Osvaldo Sala / Joshua Schimet / 
\Whendee Siver /Ed Tipping) 

‘+ Learning from Ecosystem Experiments 
(an Mutéer! Lindsay Rustad / Rick Hooper) 

++ Toward Prediction of Coupled Cycles in 
Catchments 
(Lay Band | Penny Johnes | Jack Cosby | 
Christina Tague / Andrew Wade) 

‘+ Exploring Hypotheses About DOC Trends 
In Freshwaters 
(George Axon | Chris Evans | 
(Chris Freeman / John Stoddard) 

‘+ Catchment Science Poster Presentations, 
(Meeting partctpants) 


CATECHOLAMINES: 
MAGDALEN COLLEGE 

‘OXFORD, UNITED KINGDOM 

AUG 5-10, 2007 

UILLBECKER, CHAIR 

PATRICIO ODONNELL, VICE CHAIR, 


‘+ Keynote Talk 4: Imaging the 
‘Addicted Brain 
(Teny E. Robinson | Nora Votkow) 

‘+ Keynote Talk 2: Dopamine Cell 
‘Transplantation in Parkinson's Disease 
(Marie Frangois Chossolet/ 

‘Anders Bjéeklund) 

‘+ Amino Acid - Dopamine interactions 
(Paul Bolom | Christian Luscher / 

Potor Kalivas / Mark Wightman) 

‘+ Catecholamine and Neuroendocrinology 
(Paul Micevych | Anne Eigen / Saila Mani / 
Elaine Hut / Zuoxin Wang) 

‘+ Catecholamine Release and Transporter 
Function 
(Bon Westerink / David Sutter 
Randy Blakely) 

‘+ Catecholamines and Neuronal Function: 
Lessons from Primates. 
(Suzanne Haber / Hagel Bergmann / 
Paul Apicella / Charles Bracbery) 

‘+ Catecholamine Systems and Cognition 
(Gary Aston-Jones / Craig Berridge) 

‘+ Development, Ditferentiation, and Survival 
‘of Catecholamine Neurons. 

(Gort ter Horst / Lawrence Wikinson / 
(Christel Westentrook / David Standaer) 

‘= Hot Topics 

(Regina Caren 


GRADUATE RESEARCH SEMINAR: 
CATECHOLAMINES: 

MAGDALEN COLLEGE 

‘OXFORD, UNITED KINGDOM 

AUG 3.5, 2007 

JILL BECKER, JONATHAN DILGEN, 
CHERYSE FURMAN, SHANNON HARDIE & 
KYLE SMITH, CO-CHAIRS 


‘The Gordon-Kenan Graduate Research Seminar 
‘on Catecholamines isa three-day Gordon 
Conference-style meeting exclusively for graduate 
students and postdoctoral felows. Speakers 
willbe chosen from among the attendees. The 
Catecholamines Gordon Research Conference 
will take place atthe same location, immediately 
following the Seminar. 


+ Catecholamine Regulation of Behavior, 
Cognition, and Neuroendocrine Function 
(Regina Caro) 

+ Involvement of Catecholamines in 
‘Nourological and Neuropsychiatric 
Disorders 
(Nancy Bonini) 

+ Molecular Mechanisms of Catecholamine 
Signaling 
(David Suizer) 


CELL BIOLOGY OF METALS 
‘SALVE REGINA UNIVERSITY 

NEWPORT, Ri 

JUL 29-AUG 3, 2007 

/ANOREW DANCIS & 

JONATHAN GITLIN, CO-CHAIRS 
VALERIA CULOTTAS. 

WALTER SCHAFFNER, CO-VICE CHAIRS. 


+ Metals into Cells 
(Andy Dancis / Mary Lou Guerinot / 
Dennis Thiele) 

‘+ Metals in Endocytic and internal 
‘Compartments 
(Simon Labbe / Caroline Enns | 
‘Mark Fleming / Sharon LaFontaine / 
Betty Eipper) 

‘+ Mitochondria and Copper 
(Caryn Outton | Dennis Winge / 

Eric Shoubridge / Val Culota) 

‘+ Mitochondria and tron 
{Donna Gordon / Barry Paw / 
‘Tenothy Stemmler/ Sonia Lew / 
‘Susan Hayflick) 

‘+ Motals in Chloroplasts and Plants, 
(Simon Knight / Kenneth Cine / 
‘Marinus Pilon / Sabeoha Merchant) 

‘+ Sensing of Metals in Organisms 
(Amanda Bird / Nancy Andrews / 
‘Tracey Rowault/ Jerry Kaplan / 
Wattr Schatiner) 

+ Nutrients, Metals, and Oxygen 
(Ngo! Robinson Richard Bruick / 
Coleste Simon) 

+ Metal Cofactors 
(Paula Fraenkel / Roland Lal 
Ralph Mendel / Michael Green / Iqbal Hamza) 

‘+ Metal Allocation and Sensing 
(Jonathan Gitin | Thomas OHalloran / 
‘Anne-Laure Bulteau / Dave Eide) 

‘+ Hot Topics and Poster Presentations, 
(Mick Petrs | Kerry Komfols) 

+ Alexander M. Cruickshank Lecture: 
CCollular Nutrient Homeostasis 
(Erin O'Shea) 


Celebrating our 75th Anniversary on the Frontiers of Science (1931-2006) 


CELL GROWTH & PROLIFERATION 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

JUN 24-29, 2007 

MICHAEL VAFFE, CHAIR 

‘SALLY KORNBLUTH, VICE CHAIR 


‘+ Keynote Talk 1: A Metabolic Switch for 
Converting Cell Growth into Proliferation 
(Craig Thompson) 

‘+ Keynote Talk 2: MitoCheck - A Combined 
Genomics / Proteomics and Chemical 
Biology Approach to Study Mitosis in 
Mammalian Cells 
(Gan-Michael Peters) 

+ Gall Cycle 
(Wade Harper / Michele Pagano / 

‘Angelika Amon / Mechae! Tyers / 
‘James Ferrall) 

‘+ Growth and G1 Controt 
(Goh Blenis / David Sabatini 
Bob Duronio / Danny Lew) 

‘+ Chromosome Replication and Dynamics 
(Qulian Blow / Anindya Duta / 

Lea Harrington / Vicki Lunda / 
Johannes Walter) 

+ Mitosis 
(on Pines / Berard Ducommun / 

Michael Glotzer / David Peliman) 

‘+ DNADamage and Cell Cycle Checkpoints, 
(Steve Eledge / Karlene Cimprich / 

Rene Medema / Bil Dunphy /Jei Bartek) 

‘= Oncogenes and Tumor Suppressor Genes 
(Laura tard / Alea Mis /Elloan White / 
Scott Lowe) 

‘+ Signal Transduction / Stem Celis 
(Jean Wang / Sally Kornbluth/ 

Karen Cichowski/ Carla Bender-Kim / 
‘Angel Nebreda) 

‘+ Cancer and Cancer Models / Clinical 
Applications 
(Bil Hahn / M. Celeste Simon / 

Peter Fried! / Peter Jackson) 


CELL-CELL FUSION 
‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 1-8, 2007 

‘AGNES VIGNERY & DIANAMYLES, CO-CHAIRS. 
WILLIAM MOHLER, VICE CHAIR, 


‘+ Keynote Talk: Membrane Fusion 
(James Rothman) 
+ Viral Fusion 
(Leonia V. Chemomordi 
Margaret Kielian / Yves Gaudin) 
‘+ Sperm-Oocyte Fusion 
(Diana Myles / Masaru Okabe) 
‘+ Myoblast Fusion 
(Susan Abmayr | Elizabeth Chen / 
Anton Bennett / Mary K Baylies) 
‘+ Fusion in C. elegans. 
(Witiam Mahler Benjamin Postilewicz) 
+ Yeast Mating 
(od Nunna | Efe Grote) 
‘+ Goll Fusion in Nourospora crassa and in 
‘Chlamydomonas 
(Louise Glass / Wiliam J, Snell) 
‘+ Macrophage Fusion 
(Agnes Vignory! Toshio Sua / 
Themis Kytiakides) 
‘+ Life and Death: Stom Coll and Metastasis, 
(Yur Lazebnk/ Dominik Duell) 


‘+ Keynote Talkt: Physiology and 
Pathophysiology of CLC Anion Channels 
‘and Transporters 
(Thomas Jentsch) 

‘+ Keynote Talk2: Turgor and Stress 
Relaxation in Growing Plant Cells - 
Dynamics and Molecular Underpinnings 
(Daniel Cosgrove) 

‘+ Osmosensing and Regulation in Microbes 
(Colin Hil/ Karteinz Altendort/ 

Boris Martnac / Susanne Morbach / 
‘Bort Pociman / Bod Nordiander) 

‘+ Animal Volume Regulation ~ Transporters 
(Moris Bastow / Jay M. BaRz / 

‘Ste F. Petersen / Eric Delpio) 

‘+ Animal Volume Regulation ~ Disease 
(Clve Baumgarten | Jenner Bedtors / 
‘Marina E. O'Donnell Yasunobu Okada / 
Phitppe Gual) 

‘+ Animat Volume Regulation - Signat 
Transduction 
(Florian Lang / Wollgang Lethe 
Else K. Hotimann /Froimst Schiess) 

‘+ Macromolecule-Solute-Water Interactions, 
(Zoya tgantove | George Rose / 
‘Montgomery Pettit / Davis S. Cafiso/ 
Natalia A. Chebotareva) 

‘+ Osmoregulation in Algae - Genes, Solutes 


‘Andreas Weber / Uitch Zimmermann) 
‘+ Osmoregulation in Higher Plants - Genes, 
‘Solutes and Transporters 
(Nava Moran’ Jose Pardo / Wel Hua Wu/ 
‘Norbert Sauer / Rb Roeltsema / 
Jose A. Fai) 
‘+ Osmoregulation in Higher Plants - impact 
fof Vacuolar Transport 
(Petra Dietrich | Enrico Martinoia/ 
‘Menachem Moshetian / 
Holene Barbler-Brygo0) 


MARK MORRISON, CHAIR, 
HARRY GILBERT, VICE CHAIR 


‘+ Setting the Stage: Matching Enzyme and 
‘Substrate 
(Doug Evetoigh / Tuula Teor Ed Bayer) 

‘+ Cell Wall Architecture and Display 
(Mike Hire!  Shi-You Ding / Harty Brumer / 
‘Arthur Ragauskas / Jung Sugiyama) 


Function - Catalytic Domains 
(David Witson | Tracey Gloster / 
‘Anna Larsson / Mijam Czjzek) 

‘+ Glycoside Hydrolase Structure and 
Function - CBMs and X-Domains. 
(Roy Doi! Bill Wilats/ Wade Abbot / 
Elodie Gaul) 


+ Prokaryote Genomics 
(Yuval Shoham | Bemard Henrissat/ 
‘Steven Hutcheson / Justin Sonnenburg / 
Phi Hugenhotz) 

+ Eukaryote Genomics 
(Pan Cutten / 

‘Amber Vanden Wymelenberg / Nina Aro) 

‘+ Rational Design, Directed Evolution and, 
Prospecting for Superior Enzymes 
(Henrs-Piere Fierobe / Colin Mitchinson / 
Jonathon Caspi/ Kevin Gray / Mark Nimos) 

+ Cellulases, Cellulosomes and 
‘Carbohydrate Active Enzymes in 
Enginesred Processes 
(Tony Warren / Mike Ladisch / Lee Lynd) 


CERAMICS, SOLID STATE STUDIES IN 
PROCTOR ACADEMY 

ANDOVER, NH 

AUG 5-10, 2007 

RANDALL HAY, CHAIR 

HELEN CHAN, VICE CHAIR 


+ Complex Oxides: Issues and Challenges 
(Carol Handwerker/ var Reimanis / 

Lynn Boainer) 

‘+ High Temperature Structural Ceramics: 
‘Oxides - Processing and Properties, 
(Frank Zok / Reinhard Simon / Jay Lane) 

+ SIC Ceramics: Applications and Issues 
(Tplicane Panhasarathy ! 

Toshihiro Ishikawa / Pirouz Pirouz) 

‘+ Uttrahigh Temperature Ceramics 
(Kathloon Sevonor! David Marshall 
John Halloran / Bil Fahrenoltz) 

+ Deformation 
(Esiand Schulson) 

+ Processing, Stability, and Applications of 
'Non-Oxide Structural Ceramics 
(Greg Morschor Krishan Luthra / 

Tatsuki Ol / Beth Opa) 

+ Oxides: Nucleation and Growth 
(Bit Potuskoy / Geot Fair / Laszlo Granasy) 

‘+ Functional Ceramics: Modeling and 
‘Application 
(Grog Rotror | Gerbrand Codor/ 

Richard Gentiman / G. Scott Glaesemann) 

+ Energy Sources 
(Randy Hay /Ken Detleyes) 


CHEMICAL OCEANOGRAPHY 
TILTON SCHOOL 

TILTON, NH 

AUG 5-10, 2007 

EDWARD BOYLE, CHAIR 
ROBERT ALLER, VICE CHAIR 


‘+ Organic Geochemistry: Molecular 
Identification and Compound-Specific 14C 

‘+ Ocean Productivity, CO2 and Ocean 
‘Acidification 

‘Geochemical Paleoclimate 

Nutrients 

‘Trace Metal Interactions with Organisms 

‘Sediment Geochemistry 

‘Technology / Sensors / New Analytical 

Methods 

+ Stable Isotopes 
Gases 
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(CHEMICAL SENSORS & INTERFACIAL DESIGN 
‘SALVE REGINA UNIVERSITY 

NEWPORT, Ri 

JUL 29-AUG 3, 2007 

ANTHONY COLEMAN, CHAIR 

MATTHEW COOPER, VICE CHAIR 


‘+ Interfacing Molecular Molecular 
Recognition to Sensors 
(Anthony W. Coloman /AP. de Siva / 
Magus Andrun) 

‘+ Now interfacial Materials - Porous and 
Non-Porous Solids 
(Scott Dalgrano / John Ripmeester/ 
Mohamed Eddaoudi/ Dongwhan Lee) 

‘= Label Free Sensors + 
(Reginald Ponner' John Parkes / 
siti Homola) 

‘+ Label Free Sensors 2 
(Edward Zolors /\sr00! Rubenstein / 
Luke Lee / Brian Cunningham) 

‘+ Interfaces for Blo-Sensors 
(Thomas Schrader / Yong-Tae Chang) 

‘+ Array Technologies for interfacial 
Construction 
(ir Janata! David Reinoudt/ 
Sebastion Vidal / Chad Mirkin) 

‘+ Short Talks - Selected Posters 
(Matthew Cooper) 

‘+ Integrated Sensor Systems 
(Hark Wohigon / Cindy J. Brucknor-Lea / 
Nate Lewis /Tim Gibson) 

‘+ Now interfaces - From Academia to 
Industry 
(Lisa Hal / Mary Reppy / Herve Perron) 


(CHEMISTRY EDUCATION 
RESEARCH & PRACTICE 

BATES COLLEGE 

LEWISTON, ME 

{JUN 24-29, 2007 

‘CHRISTOPHER BAUER, CHAIR 
THOMAS GREENBOWE, VICE CHAIR 


‘+ Interacting with the Nano World 
(Robert Lichtor/ Loretta Jones / Gall Jones) 

‘+ Particulate Representation 
(Michao! Abraham | Robert Tinker / 
‘Vincente Talanquer/ Barbara Gonzales) 

‘+ Investigative Approaches 
(Susan Lewis / Kevin Dunbar/ 

Chris Rasmussen) 

‘+ Student Thinking and Performance 
(Melanio Cooper ! Stacey Lowery Brote / 
Philip Sadior/ Mare Taagepora) 

‘+ Curricula in Context 
(lemry Bell Peter Nentwig/ 

James Hutchison) 

+ Epistemology and Knowledge 
Construction 
(Marcy Towns Waiam Harwood / 
avid Hammer / Michael Kiymkowsky) 

‘+ Student Problem Solving 
(Diane Bunce / Norbert Prenta / 
Chandralekha Singh) 

+ Learning Environments 
(Maria Ofvor-Hoyo | Davia Yaron) 

‘+ Learning within Cultural Contexts 
(Thomas Greonbowe / Amy Shachter | 
Gabriela Weaver) 


‘CHROMOSOME DYNAMICS. 
UNIVERSITY OF NEW ENGLAND 
‘BIDDEFORD, ME 

‘AUG 12.17, 2007 

N. PATRICK HIGGINS, CHAIR 
JULIA COOPER, VICE CHAIR 


‘+ Keynote Talk: Control of Transcription 
Involves Topo ll, Phased Nucleosomes, 
‘and DNA Repair 
(Joeft Rosenfeld) 

‘+ Tracking Chromosome Movement in Vivo 
(Jan Elenberg / Nancy Kleckner / 

‘Alan Grossman / Stuart Austin/ 
David Sherrat) 

‘+ Coordinating Repair, Replication, and 
Recombination 
(Sue Lovett/ Kenneth Kreuzer/ 

‘Susan Forsburg / Steve Bel) 

‘+ Mechanisms of Chromosomal Attachment 

(Frank Unimann / Barb Funnel! / 


Rolf Stemgianz / Gary Karpen) 
‘+ Controlting Steps in Segregation 
(Scott Hawley / Donald Cleveland / 
Abby Demburg / Sigal Ben-Yenuda / 
‘Terry Orr- Weaver) 
‘+ Muscling DNA Around 
(Gohn Marko / James Berger / Reid Johnson) 
‘+ Tolomeres and Chromosome Evolution 
(Ginger Zakian / Juste Cooper / 
Rachel O'Neil / James Haber) 


‘+ Molecular Electronics 
(dim Hoath / Stan Wiliams / Mark Ratner) 
= Catalysis 
(Wiasta Bonacie-Kouteck? / 
Potor Armentrout/ Tamotsu Kondow) 
‘+ Clusters and Materials 
(Atsushi Nakajima Shiv Khanna / Ko} Kaya) 
‘+ Cluster Reactivity 
(Martin Jarrold | On Cheshnovsky ! 
Mantred Kappes / Helmut Schwarz) 
+ Characterization 
(Goel Parks / Paul Weiss) 
‘+ Photonics and Optical Interactions 
(Mike Duncan / Mostafa El-Sayed / 
{Lou Brus / George Schatz) 
‘+ Nanostructures 
(Uzi Landman | Catherine Brechignac / 
‘Nobuyuki Nishi) 
‘+ Cluster Deposition 
(Wotigang Harbich | Wke Write / 
‘Scott Anderson / Kat: Heine Meiwes-Broer) 
‘+ Cluster Properties 
(Puru Jena | Kit Bowen / Lal-Sheng Wang) 


COASTAL OCEAN MODELING 
COLBY-SAWYER COLLEGE 
NEW LONDON, NH 

JUN 17-22, 2007 

FRANCISCO WERNER, CHAIR 
RICHARD SIGNELL, VICE CHAIR 


‘Integration of Modeling and Observing 
Systems 
(Hijo Xue | Nadia Pinardi John Wilkin) 

+ Bio-Physical Modeling 
(Charles Hannah / Margaret McManus / 
“Marjorie Friedrich / Elizabeth North) 

‘+ Atmosphere-Ocean Interaction 
(ule Pullen | Fabrice Archuin / 

‘Carol Anne Ciayson) 

+ Data Assimilation 
(Philp Bogden | Emanuel DiLorenzo / 
Herman Gerritsen / Piere De Mey) 

‘+ Mode! Coupling and Adaptive Grids 
(otin Wakin Timothy Campbell 
‘Matthew Piggott) 

‘+ Hurricane / Severe Storm Modeling 
(Frank Aikman | Donald Resio 
‘Shuy\ Chen / Rick Luetch) 

+ Skill Assessment 
(Daniel Lynch / Charles Stock / 

Roger Proctor) 

‘+ Sediment Transport and 
‘Geomorphological Modeling 
(Richard Signo 
‘Jan Adriaan (Dano) Roolvink / 

‘Carl Friedrchs / Tian-Jian (Tom) Hsu) 

+ Multiscale Modeling 

(Mark Stacey I Aberto Scott / Oliver Fringer) 


COLLAGEN 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 22-27, 2007 

DAVIO BIRK, CHAIR 

LEENA BRUCKNER-TUDERMAN, VICE CHAIR 


+ Collagens: Molecular Structure & 
‘Assembly 
(Bily Hudson | Barbara Brodsky / 
Jamshid Khoshnood! / Shireen Lamando) 
‘+ Regulation of Collagon: Transcription, 
Splicing and Trafficking 
(Unda Sandell / Audrey McAinden) 
+ Collagen-Protein Interactions 
(Magnus Hook / Richard Farndale 
‘+ Supramolecular Assemblie 
in the Matrix 
(Potor Bruckner / Jean Schwarzbauer / 
Daniela Vilone / Markus Ruegg) 
+ Extracellular Matrix Processing and 
Turnover 
(Danie! Greenspan / Suneel Apte / 
‘Luisa trucla-Arspe / Kar Kadler) 
+ Genetics and Collagens 
(Kathy Cheah / Pul-Yan Kwok / Danny Chan) 
+ Cell-Matrix interactions 
(Donats Gulborg/ Beate Eckes / 
Wolfgang Voge! Taina Pitlajaniemi) 
+ Collagen Diseases & Animal Models 
(Wohin Bateman | Brendan Lee / 
Francesco Ramirez) 
+ Tissue Engineering & Regenerative 
Medicine 
(Vadim Mironov | Nicolas LHeureux / 
Poter Letkes / Richard Viscont) 


Interactions 
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‘COMBINATORIAL CHEMISTRY 
‘COLBY-SAWYER COLLEGE 
NEW LONDON, NH 

JUN 3-8, 2007 

DARYL SAUER, CHAIR, 
PAULHANSON, VICE CHAIR 


‘+ New Technologies and Drug Discovery 
(ary Saver! Tom Beattie / Jim Summers / 
Stave Street) 

‘+ Organic / Blo-Organic Chemistry 
(Otiver Kappe / Sephen Martin / 

Bruce Lipshutz/ Valery Folkin) 

‘+ Libraries for Chemical Biology 
(Kip Guy / Ben Cravatt/ Doron Greenbaum / 
Jack Taunton / Jeremy Malla) 

‘= Academie Combichem / Library 
Generation 
(A. Ganesan lan Baxendale / 

Sergy Kozmin / Dave Bergbreiter/ Nikki Poh) 

‘+ Enabling Technologies in Drug Discovery 
(Paul Wiedeman/ Mark Laciow 
Craig Lindsley / Steve Haswel) 

‘+ NIH Roadmap 
(ohn Schwab / James Panek / Jef Aube / 
dared Shaw / Peter Wipt ) 

‘+ Case Studies 1: Medicinal Chemistry 
(Craig Lindstey / Scot Wolkenberg / 

‘Andrew Combs / Joe Savino) 

‘+ Case Studies 2: Medicinal Chemistry 
(oo Salvina/ Chis Sarko/ Jim Leahy / 

Ron Dolle/ Ralph Rivero) 

‘+ Structural Approaches and Drug Design, 
(Phitp Hajduk | Ros Hubbard / 

Jonathan Moore / Daniel Wyss / 
M.Pollecchia) 


COMPUTER AIDED DRUG DESIGN 
TILTON SCHOOL. 

TILTON, NH 

JUL 29-AUG 3, 2007 

RICHARD LEWIS, CHAIR 

BRIAN SHOICHET, VICE CHAIR 


‘+ Fragment-Based Screening 
(im Wells / Philip Ha}tuk) 
‘+ Chemical Information & Target 1 | 
(Peter Wile / Bobby Glenn / Paul Clemons) 
‘+ Chemical information & Target IO i 
(Andrew Hopkins) 
+ Protein-Protein Interface inhibitors 
(Aynne Rogan / Shoameng Wang) 
‘+ Now Advances in ADME. 
(Franco Lombardo) 
‘+ Binding Affinity and Flexibility 
(Mike Gilzon/Arieh Warshet | Wet Bahar) 
‘+ Advances in Membrane Proteins 
Structures 
(Robert Stoud / Krzysztof Palezowsh) 
‘+ Docking & Scoring 
(Ruben Abagyan / Matt Jacobson / 
Marcel Verdonk) 
‘+ Energetics and Drug Design 
(Bill Jorgensen) 


CONDENSED MATTER PHYSICS 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

‘AUG 19-24, 2007 

ROBERT MAGERLE, CHAIR 

DAVID NELSON, VICE CHAIR 


+ Molecular Electronics 
‘+ Organiciinorganic Interfaces 
+ Bioinspired Materials 


(Mark Embrechts) 


DEVELOPMENTAL BIOLOGY 
PROCTOR ACADEMY 

‘ANDOVER, NH 

‘JUN 24-28, 2007 

‘STEPHEN COHEN, CHAIR 
ALEXANDER SCHIER, VICE CHAIR 


‘+ Asymmetry and CNS 
(Stephon Cohen) 
‘+ Signaling, Morphogenesis and Patterning 
(Olver Pourquo) 
‘+ Evolution and CNS 
(Ere Davidson) 
+ Growth Controt 
(Norbort Perrenon) 
‘+ Genomics / Regulatory Networks 
(Ruth Lehmann) 
‘+ Organogenesis 
(Alex Sehr! Laura Johnson) 
‘+ Stem Cells / Regeneration 
(Elizabeth Robertson) 


+ Non-CYP Enzymes and Oxidative 
Metabolism 
(Christine Beecham | Christine Beecham / 
Enrico Garrat / Vasilis Vasilou / 

John Cashman) 

‘+ Impact of Protein-Protein Interaction on 
Metabolism 
(Wayne Backes ! Grover Paul Miler / 
[Byron Kemper / Wayne Backes) 

+ In Vivo Relevance of In Vitro Transporter 
Tools 
(Rommet Trona | Jose Manautou / 
Rommel Tirona / Richard Kim) 

‘+ Transporter DDI; Pharmacological 
Ramification| 
(Erin Schuetz | Joe Poll /Jash Unadkat / 
ohn Schuetz) 

+ Theinnate Immune System and 
Idiosyncratic Drug-induced Liver Toxicity 
(Robert Roth / Nol Kaplowitz/ 

Patria Ganey /Hisham Hamadeh / 
‘Edward T. Morgan) 

‘+ Selected Presentation from the Poster 
Session 
(Henry Strobel) 

‘+ ADME Computational Models 
{Scott Boyor / Ul Norinder / Yvonne Martin | 
Tudor Oprea / Scot Boyer) 

‘+ Disposition and PKIPD of Biologics 
(David Lau/ Paul Fielder / Honghul Zhou / 
Kamsh Kuchimanch)) 


DYNAMICS AT SURFACES 
PROCTOR ACADEMY 
‘ANDOVER, NH 

‘AUG 12-17, 2007 

BRET JACKSON, CHAIR, 
SYLVIACEYER, VICE CHAR 


‘+ Scattering from Liquids 
(otin Moris GI Nathanson / David Nesbit) 
‘+ State-to-State Dynamics 
{(Didior Lemoine / Alec Wodtko / 
GeortsJan Kroes / Rainer Bock) 
+ Adsorbate Dynamics 
(Kiiston Fichtnom | Andrew Jardine / 
Ellen Backus) 
+ Non-Adiabatie Effects 
(John Tuly Katina Morganstern / 
‘Mats Persson / Christian Fischkorn) 
‘+ Dynamics of Desorption 
{Stephon Holoway / Phil Cohen / 
Potor Saaitrank) 
+ Ultrafast Dynamics 
(Tony Heine /. Ron Shen / Hrvoje Potek / 
Bradley Siwick) 
+ Wator at Interfaces 
(Mary Shute / Gen Richmond | 
‘Gregory Kimmel) 
+ Nano-Scale Structures, 
(Dinko Chakarov | Tamar Seideman / 
‘Jason Crain / Andrew Rappe) 
+ Young Investigator Program 
(Bruce Kay) 
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ELASTIN & ELASTIC FIBERS: 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

JUL 28-AUG 3, 2007 

ELAINE DAVIS, CHAIR. 
ANTHONY WEISS, VICE CHAIR 


‘+ Molecular Structure and Properties of 
Elastin 
(Robert Mecham | Régis Poms / 

Tony Tamburro/ Anthony Weiss) 

‘+ Microfibril Utrastructure and Assembly 
(Cay Koty | Ciaie Baldock / 

Penny Handtord / Robert Mecham / 
Dieter Reinnarat) 

‘+ Evolution and Functional Analysis of 
Elastic Fiber Proteins in Non-Mammalian 
Models. 

(Fred Keeley | Stephen Ekker/ Bruce Vogel) 

+ Elastic Fiber Assembly 
(Charlie Litle | Cay Kiely / Rocky Tuan) 

‘+ Regulation of Growth Factors and Celt 
Function by Elastic Fiber Proteins 
(Lynn Sakai Giorgio Bressan /Dan Rifkin) 

‘+ Horitable Diseases of the Vascular 
‘Systom: Basic Science and Therapeutic 
‘Advances. 

(Dianna Méowicz/ Hal Dietz / 
Robert Thompson) 

‘+ Elastic Fiber Function in Skin 
Development, Disease and Aging 
(Zsolt Urban | Anne De Paope /Alex Hinek / 
Violeta lotsova-Stone) 

‘+ Elastic Fiber Pathogenesis in Destructive 
Diseases of the Lungs 
(Martone Rabinovitch | Richard Bland / 
Ronald Goldstein / Stove Shapiro) 

‘+ Now Advances in Elastogenic 
Biomaterials and Bioengineering 
(Anthony Wo / Laura Nikiason / 

Naren Vyavahare/ Joyce Wong) 


DYLAN JAVATILAKA, VICE CHAIR 


‘+ Where Are We Now, Where Are We Going? 


(Robed Stewart / WH. Eugen Schwarz 


(Jochen Schneider Massimo Attar / 
Jerry Hastings / Henry Chapman) 

‘+ High Throughput or Quality: ternative 
Paths for X-ray Diffraction 
(Bo Iverson / Alan Pinkerton / Mike Probert / 
Hans-Beat Buerg) 

‘+ New Techniques and Tools for Structure, 
‘Bonding and Properties in Biology 
(Sine Larsen / Pieter Glatzel / Chrt Matta) 

‘+ Toward Charge Densities for Proteins: 
Which Database to Use? Will Biologists 
Care? 
(Pau! Popelir | Aberto Podjarny 
Christian Jelsch / Pauline Dominiak / 
‘Birger Detrich) 

‘+ Progresses in Electron Diffraction 
(Keng Tsuda / Chong-Yu Ruan / Jesper Fis) 


‘+ Chemical Concepts from Electron Density: 


‘Theory vs. Experiment 
(Renard Bader | Woltgang Scherer / 
Miguel A. Blanco / Louis Farrugia) 

‘+ Densities, Density Matrices and 
Wavetunctions (in honor of V.H. Smith) 


(Alt Thakkar / Wot Weytich / David Mazziott) 


ELASTOMERS, NETWORKS & GELS 
‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 18-20, 2007 

1H. HENNING WINTER, CHAIR, 

JUDIT PUSKAS, VICE CHAIR 


+ Elastomers 
(Games Mark / Claude Cohen) 
‘+ Reinforced Networks 
(Takeji Hashimoto / Robert K. Prudhomme / 
Francois Bove) 
‘+ Rheological Properties 
(Gregory 8. McKenna / Gareth Mckinley) 
‘+ Biological and Biomedical Network 
Polymers 
(Paul Janmey / Woitgang Losert/ 
Christopher N. Bowman) 
‘+ Functional Networks. 
(Walter Richtering Annette Schmidt) 
‘© Chain Dynamics: 
(Kay Saalwaechter/ Jens-Uwe Sommer/ 
Eric Furst / Madeleine Ojabourov) 
+ Gols 
(Surta Bhatia / Moshe Gottlieb) 
‘+ Elastomer Synthesis 
(Katsutoshi Haraguchi / 
Krzysziof Matyjaszewski / Wayne Cook / 
dit Puskas) 
+ Outlook 
(Richard Stein) 


ELECTRONIC MATERIALS, CHEMISTRY OF 
MOUNT HOLYOKE COLLEGE 

‘SOUTH HADLEY, MA 

UL 22.27, 2007 

‘CHRISTOPHER CHIOSEY & 

‘GARY TAYLOR, CO-CHAIRS 

AILLIAN BURIAK & 

‘CHRISTOPHER MURRAY, CO-VICE CHAIRS 


ENZYMES, COENZYMES & 
METABOLIC PATHWAYS 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

JUL8-13, 2007 

‘SQUIRE BOOKER & 

NIGEL RICHARDS, CO-CHAIRS. 
LZBETH HEDSTROM & 

NICOLE SAMPSON, CO-VICE CHAIRS 


‘+ In Vivo Approaches to Monitoring Enzyme 
‘Action and Metabolic Pathways 
(Paul Adams / Erin O'Shea Sunney Xie) 

‘+ Novel Metabolic Pathways 
(Barbara Gerratana / John Cronan / 
Joseph P. Noel / David Sherman) 

‘+ Mechanisms of Post-Translational 
Modification 
(Philip Cole / Raymond Trievel/ 

‘Stuart Licht / Dorothy Beckott) 

‘+ Enzymology of Oxygen Activation 
(Judth Kinman | Wison Francisco / 
‘Astrid Grastind / Justine Roth / 

John Lipscomb) 

+ Tunnels Holes and Substrate Channeling 
(Frank Raushol | Thomas Leyh/ 

‘Osnat Hereberg/ Dieter Sol) 

+ Enzymes in Cofactor Blosynthesis, and 
‘Mechanisms of Cofactor Action 
(WW. Cleland / Vane Bandarian | 
Bruce Patfey / Mario Alda Giles-Gonzalez / 
Dieter Jahn) 

+ Metallo-Cofactors in Enzyme Reactions 
(Anno-Frances Mifer/ Markus Ribbe / 
‘Marty Bolinger / Dianne Newman) 

+ Enzymes in Disease 
(Peter Turmmino / Clifton Barry / 

Craig Townsend / Dave Percival) 

‘+ Frontiors in Enzymology 
(JoAnne Stubbe | Tadhg Begley / 
‘Christopher Walsh) 


EPIGENETICS. 
HOLDERNESS SCHOOL 
PLYMOUTH. NH 

‘AUG 5-10, 2007 

ANNE FERGUSON-SMITH & 
STEVEN JACOBSEN, CO-CHAIRS 
UEL! GROSSNIKLAUS & 
JEANNIE LEE, CO-VICE CHAIRS 


+ Histone Modifications and Variants 
(Sarah Elgin | Steve Henkott / 
‘Hiten Madhani/ Karon Luger / 
‘Terry Magnuson / Justin Goodrich) 
‘+ The Dynamic Nuclous 
(Jasper Rine / David Spector / Eth Heard / 
Poter Fraser / En Li Vincenzo Prot / 
‘Ting Wu) 
+ Epigenomics 
{Steve Jacobsen / Bradiey Bemstoin / 
Jan Dunham / Rob Martonssen / 
Pater Jones) 
+ The Roles of RNAI& II 
(Bil Kelly! Marjori Matzke / 
David Baulcombe / Philip Zamore / 
‘Bob Kingston / Vikki Chandler / 
Craig Phkaard | Shiv Grewal / Denise Bartow) 
‘+ DNAMethylation 
(dom Walter | Eric Selker / Tim Bestor/ 
Hiro Sasaki/ Judith Bender / 
Xiaodong Cheng) 
‘+ Imprinting, Dosage Compensation and. 
‘Chromosomal Mechanisms 
(Emma Whitelaw / Uoli Grossrikiaus / 
‘Marisa Bartolomel/ Jeannie Lee / 
‘Barbara Meyer / Jim Birchier) 
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‘+ Epigenetics in Developmental Processes, 
(Tomoko Kanoko-Ishino | Renato Paro / 
Rudolph Jaenisch / Laura O'Nell/ 

‘Azim Surani/ Wolf Reik) 

‘+ Epigenetics and Disease: 

(Amar Kiar / Olivier Volnnet | Asita Akttar/ 
Sieve Baylin / Mike Higgins) 

‘+ Epigenetics, Environment and Evolution 
(ean Finnegan / Phil Amer / Eric Richards / 
Rick Amasino) 


EPITHELIAL DIFFERENTIATION & 
KERATINIZATION 

[BRYANT UNIVERSITY 
‘SMITHFIELD, Ri 

JUL29-AUG 3, 2007 

'G, PAOLO DOTTO, CHAIR 
PIERRE COULOMBE, VICE CHAIR 


+ Global Approaches 
(E. Fuchs/N. Porimon /S, Schreber) 
+ Development and Cancer 
(A. Diugosz /S. Mitar/F. Watt 
‘A.Boimain /8. Edgar) 
+ Stem Cells and Gene Therapy 
(G.Cotsarals/¥. Barandon /M. DeLuca) 
‘+ ‘Transcription 
(©. Roop P. Chambon /H. Chang / 
E. Wogner/ M. Brown) 
+ Issue Rising Session | 
(Speakers trom the floor) 
+ Differentiation and Signaling 
(H, Baden /P. Khavar/P. Coulombe / 
W. Wabil/ H. Timothy) 
‘+ Issue Rising Session i 
(Speakers trom the foor) 
+ Gell Adhesion and Morphogenesis 
(K. Groon /A. Chistian CM. Chuong 
R. Faossler/R. Kopan) 
‘+ Skin as an intograted Organ 
(M.Horiyn/L, Coussens/S. Werner) 


EVOLUTIONARY & ECOLOGICAL 
FUNCTIONAL GENOMICS 

SALVE REGINA UNIVERSITY 
NEWPORT, Ri 

JUL. 8-13, 2007 

GREG WRAY, CHAIR 

SCOTT EDWARDS, VICE CHAIR 


‘+ Interactions Between Species 
(Sarah Via / Philipe Reymond) 

‘+ Evolution of Regulatory Networks 
(Mike Eisen / Jullo Collado-Vides / 
tiie Holmes) 

‘+ Responses to Stressors 
(Audrey Gasch / Thoodore Morgan) 

‘+ Speciation 
(Hans Hofman / Mohamed Noor / 
Leonie Moye / Craig Albertson) 

‘+ Physiological Ecology 
(Doug Crawford /Adam Marsh) 

‘+ Genomic Architecture of Genetic Variation 
(Marie-Anne Felx / David Rand) 

‘+ Sexual Selection 
(Robert Brooks / Owen McMitan) 

‘+ Reconstruction and Analyses of 
‘Ancestral Sequences 
(Mathes Blanchette / Belinda Chang / 
Eric Gaucher) 

‘+ Transcription and Evolution 
(Rachel Brem / Sergy Nuzhdin) 


EXCITATORY SYNAPSES & BRAIN FUNCTION 
‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

‘JUN 10-15, 2007 

ROBERT MALENKA, CHAIR 

(CHRISTOPHE MULE & 

‘GARY WESTBROOK, CO-VICE CHARS. 


‘+ Experience-Dependent Plasticity 
(Keynote Lectures) 
(Mark Bear / Hols Cine) 

‘+ Presynaptic Mechanisms 
(Craig Gamer! Nils Brose / Hugo Bellen / 
‘Tom Sudhot / Rob Edwards) 

‘+ Glia and Synaptic Function 
(Craig Jane / Stephane Otet/ Shumin Duan) 


(esse Kastrup / Mark Mayer / 
Wen-Biao Gan / Bemardo Sabatini) 

© Disease 
(ule Kauer/ Jane Sulivan / Marina Wot / 
eft Conn) 

‘+ Cel Biology 
(Shigeo Okabe / Bob Wenthold / 
‘Morgan Sheng / Rick Hugani) 

‘+ Synaptic Plasticity 
(Wade Regher/ Alison Barth / 
‘Christophe Mule / Granam Cotingrge) 


‘JUL 15-20, 2007 
GEORGE GERTON, CHAR 
ALBERTO DARSZON, VICE CHAIR 


‘+ Post-Testicular Maturation of Sperm 
(Patrice Cuasnicu/ Daniel Johnston / 
RR John Akon / Mariana F. Woltner) 

‘+ Role of the Female Reproductive Tract in 
Gamete interactions. 
(Stoven LHomaut / Susan Suarez / 
‘Tadashi Babo) 

‘© Chemotaxis and Sperm Motitty 
(Doug Chandler / Michael Miler / 
Debbie O'Brien) 

‘+ Sperm-Oocyte Extracellular Matrix 
Interactions 
(Danie! Hardy Wiliam J. Sel / 
sJurien ean) 

+ Sperm: 
(Alberto Darszon / Pablo Viscont/ 
(Claudia Tomes) 

‘+ Oocyte Arrest and Egg Activation 
(anice Evans | Kari Swann / 
Lynda McGinnis /Alexel V. Evsikov) 

‘+ Polarity of Egg and Early Embryo 
(Carmen Willams | Takashi Hirag)) 

‘+ Gametes, Earty Embryos, and Epigenetics 
(Rabindranath De La Fuerte / Kevin Eggan) 

‘+ Chairs and a Round Table: Past, Present, 
Future of Fertilization and Activation of 


FLORAL & VEGETATIVE VOLATILES 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

OCT 7-12, 2007 

ERAN PICHERSKY, CHAIR 

WITTKO FRANCKE, VICE CHAIR 


+ Roles of Plant Volatiles in Human Affairs 
(Steve Gotf/ Efraim Lewnsohn / 
Roman Kaiser / Harry Kiee / Fred Provenza) 
‘+ Vegetative Volatiles: Molecular Ecology 
‘and Metabolomics 
(Ted Turings | Jonathan Gershenzon | 
‘Nicole Van Dam / an Baldwin / 
Jun Takabayashi) 
+ Vegetative Volatiles: Behavioral Ecology 
(Marcel Dicke / Monika Hiker / 
‘Joop van Loon / Matthias Held / 
‘Consuelo De Moraes) 
‘+ Floral Volatiles: Generalized and Food! 
Reward-Based Pollination 
(Florian Schiest!/ Candance Galen / 
‘Steffan Dotter! / Ta-Lynn Ashman / 
‘Steven Johnson) 
‘+ Floral Volatiles: Specialized and Sexually, 
Deceptive Pollination, and Obligate 
‘Mutualism 
(Robert Raguso / Oke Pelmyr / 
Rod Peakal / Marcus Stensmyr) 
‘Chemistry and Biochemistry of Plant 
Volatiles: Molecules, Biosynthetic 
Pathways, and Enzymes 
(Jorge Bohimann / Natalia Dudareva / 
Robert Schuurink / Eyal Fridman / 
‘Amy Marshal-Colén / Dorothea Thal 
Witko Francke / Wired Schwab / 
Harro Bouwmeoster) 
+ Techniques and Methodologies for 
‘Studying Plant Volatilos 
(Dorothea Tho! / Wihelm Boland / 
Francesco Loreto / Armin Hansel / 
‘Anna-Karin Borg-Karison / Anita Marsal!) 


FUEL CELLS 
BRYANT UNIVERSITY 

‘SMITHFIELD, RI 

JUL 22-27, 2007 

BRYAN PIVOVAR & 

‘TOMOYUK! TADA, CO-CHAIRS 
‘STEPHEN CAMPBELL & 

MATTHEW MENCH, CO-VICE CHAIRS 


+ Fuel Colls - Status and Futuro 
(Bryan Pivovar! Tomoyuki Tada / 
Koichi Kojma / Martin Apple) 

‘+ Membrane Electrode Assemblies 
(Ueremy Meyers | Mike Yandrasits / 
‘Selo Sugawara / Hubert Gastoiger) 

+ Catalysis 
(Tom Zawodzinst | Matt Neurock / 
‘Manos Mavrikakis/ Frod Wagner) 

+ Advanced Characterization Techniques 
(Hiroshi Jinnal / Hideto imal / 
‘Andrzej Wieckowski) 

+ Polymer Electrolyte Membranes 
(Takeo Yamaguch / Michael Gulver) 

‘+ Carbon Supports 
(Paclina Atanassova) 

+ Water Transport 
(Mike Hickner/ Olver Dit) 

+ Advanced Concepts / Future Technology 
(ohn Vareoe / Ken-ichito Ota) 
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GENETIC TOXICOLOGY 
MAGDALEN COLLEGE 
‘OXFORD, UNITED KINGDOM 
JUL 29-AUG 3, 2007 

ANTONY CARR, CHAIR, 
‘SAMUEL WILSON, VICE CHAIR 


‘+ Keynote Talk 1: Responses to Oxidative 
DNA Damage 
(Ben van Houten) 
‘+ Keynote Talk 2: Cancer Risk and 
Chernobyl 
(Richard Wakeford) 
‘+ Endogenous and Induced DNA Damage 
(Sam Wilson / John Essigmann / 
Peter McKinnon / Marcus Lobrich / 
‘Aidan Doherty / Jo Jieny / Keith Caldecott 
Peter Karren / Cynthia McMurray) 
‘= Mutagenesis and DNA Repair 
(Tom Kunke!/ Greg Verdine/ 
‘Wiliam Dunplry /Ohstura Niwa 
Kevin Hiom / Peggy Hsieh / Travis Stracket) 
‘+ Replication - Links to Genotoxicity 
(Jan Hickson | Petar McGlynn / Hele Ulrich / 
Laurence Peart John Diffey / 
‘Thomas Heleday / Susan Gasser / 
‘Alan Lehmann / Ron Laskey) 
‘+ Chromatin and Cell Fate Decisions 
(Stove Jackson | Shigeki Miyamoto / 
Goott Wah! /Kar-Petar Hopiner / 
‘Thanos Halazonets / Kyunglae Myung / 
Jessica Downes) 


HETEROCYCLIC COMPOUNDS 
‘SALVE REGINA UNIVERSITY 
NEWPORT, RI 

JUN 24-29, 2007 

ERIK SORENSEN, CHAIR 
KARIN BRINER, VICE CHAIR 


+ Now Reactions and ideas forthe 
‘Synthesis of Heterocyclic Compounds | 
(Karin Briner/ Juin Ds Bol! 

Molaie Sanford / Edwin Voces) 

+ Novel Pericyctic Reactions for Syntheses: 
of Heterocyclos 
{George Sheppard! Poor Jacobi 
Walia Muay Raymond Funk 
Fick Danhelser) 

+ Now Catalytic Reactions for Heterocycle 
Synthesis 
(Melissa Vasbinder / Helené Lebel | 
Richmond Sapong / Jee Johnson) 

+ Now Reactions and ideas fo the 
Synthesis of Htarocyclic Compounds t 
(Christopher Vandorwal / Brian Stokz / 

Seott Edmondson / John Woll/ 
Nicholas Magnus) 

+ Innovative Concapts for Constructing 
Complex Heterocyclic Natural Prodvets & 
Pharmaceutical Agents | 
(Rick Ewing Madeleine Joule / 

Prashant Deshpande / Dirk Trauner) 

+ Greative Advances in Syntheses of 
Complex Heterocyclic Natural Products: 
(Bran Aqui / Kathy Paka 
Emanuel Thoodoraki / James Panek) 

+ New Catalytic Reactions for Heterocycle 
Synthesis I 
(Roger Hahn | Eric Jacobsen / Scott Miller / 
Davis Machlitan) 

+ Innovative Concepts for Constructing 
Complex Heterocyclic Natural Products & 
Pharmaceutical Agons It 
(ichae Miter Monommad Movassagh/ 
Steve Collet Eun Lee / Phi Baran) 


‘+ Insights into the Chemical Problems 
Posed by Structurally Complex, 
Heterocyclic Natural Products 
(Gregory Dake / Gibert Stork) 


HIGH TEMPERATURE CORROSION 
‘COLBY-SAWYER COLLEGE, 

NEW LONDON, NH 

JUL 29-AUG 3, 2007 

|W. JOE QUADAKKERS, CHAIR 
JOHN NICHOLLS, VICE CHAIR 


‘+ Microstructural Effects in Alumina Scale 
Growth 
(6. Gieeson /G. Tatlock) 

‘+ Oxidation Properties OF Pt Modified 
‘Aluminides 
(S. Hayashi V.Topy99) 

+ Interfaces in High Temperature Corrosion 
Processes 
(0. Young /P. Hou) 

+ Corrosion in Chorine Containing 
Environments 
(Schutze / JE. Svensson) 

+ Water Vapour Effects on Oxidation 
Processes in Low and High pO, 
Environments 
(.Pint/D. Naumenko) 

‘+ Oxidation issues in Solid Oxide Fuel Celts 
(7 Maruyama /J. Zn) 

‘+ Materials for Vory High Temperature 
Applications. 

(M:Banoum) 

‘+ Thermal Barrier Coating Systems 
(Mt Carin) 

+ High Temperature Materials for Energy 
and Heat Management in Automobiles 
(-Fatboetmer) 


HORMONE ACTION IN 
DEVELOPMENT & CANCER 

‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

‘JUL 15-20, 2007, 

‘SHIUAN CHEN & 

PAOLO SASSONE-CORSI, CO-CHAIRS 

GAIL PRINS & KEVIN WHITE, CO-VICE CHAIRS 


‘+ Keynote Tak 1: Nuclear Receptors 
+ Metabolic Engineering and the Dawn of 
‘Synthetic Physiology 
(Ronaid Margoks Jobe MacLachlan | 
Ronald Evans) 

+ Keynote Talk 2: Prostate Tumor - 
Microenvironment interaction 
(Ronald Margots / John MacLachion/ 
Leland Chung) 

‘+ Hormone and Cancer 
(Goh Couse / Jose Russo / tanming Xu / 
Fazil Sarkar Wayne Tiley / Franky Chan) 

‘+ Hormone and Stem Cells, 

(Gal Prin Fay Tekmal/ Max Weha / 
‘Susan Kasper / Gall Rsbriger 

+ Circadian/Metabotism 
(Pood Sassone-Corsi! Maarten Bosiand / 
Witlam Schwartz / Cares Weitz 
‘Cheng Chi Lee / Richard Stevens) 

‘+ Hormone and Development| 
(Kevin Vinito | Lynn Ricdeord | 
Michael Marcin / Henry Krause / 

Joe Thornton) 

‘+ Hormone and Cancer 
(Chawnshang Chang | Suzanne Fugu! 
Gregory Brent Thomas Burts / 

Hideo Hono /Hingien Kung) 


Epigenetics 
(Shukce! Ho | Jeny Heinde!/ 

‘Shelley Berger / Doug Ruden / 

Richard Pestell) 

Hormone and Development it 

(Nesraja Sathyamoorthy | Gerhard Coetzee / 
Hugh Taylor / David Sassoon / 

Caren Hebing) 

Hormone Action / Translational Research 
(Angola Brodie | Charles Perou) 


HUMAN GENETICS & GENOMICS 
‘SALVE REGINA UNIVERSITY 
NEWPORT, Ri 

JUL 22-27, 2007 

JAMES LUPSKI, CHAIR 

EVAN EICHLER, VICE CHAIR 


Keynote Talk 1: How Many Genes for a 
‘Complex Disease? 

(Aravinda Chakravart) 

Keynote Talk 2: TBA 

(Helen Hobbs) 

Landscape-Setting Talks 

(Peggy Pericak-Vanco) 

Human Genetic Disease - From Mendel to 
‘Complex Traits 

(Neholas Katsonis / Mike Groen / 

Ying-Hul Fu) 

Human Evolutionary Genetics 

(Pardis Sabet / Andrew Clark / Sara Tihkof) 
Human Chromosome Biology and 
‘Genome Dynamics 

(Huntington Wierd Barbara Trask / 

‘Vigan Cheung / John Moran / 

Evan Eichler / Nagel Carter) 

‘Beyond the Human Hapmap-Links 
Botween Phenotype and Genotype 

(David Altshuler) 

[Now Genome Technologies 

(David Bontiey | Richard Gibbs / Eric Groen) 
‘Genome Structural Varlation and, 
Phenotype 

(domes Lupshi Sun Anuja / Art Beaudet) 
‘Molecular Genetics and Therapeutics Of 
Human Genetic Disease 

(Hal Dietz / Steve Warren / Mark Kay) 


HYDROGEN-METAL SYSTEMS 
COLBY COLLEGE 

WATERVILLE, ME 

JUL 8-13, 2007 

CRAIG JENSEN & KLAUS YVON, CO-CHAIRS 
ETSUOAKIBAS 

GARY SANDROCK, CO-VICE CHAIRS 


Intermetalic Hydrides 
{(Valere PaulBoncour / Yaroslav Flinchuk) 
‘Yttrium and Lanthanum Hydride 

(Alahilo Machida / Water Wott / 

Joachim Schoenes) 

Hydrogen on Surfaces 

(Klaus Christman /Adolf Winkler) 

Detects 

(Chris Van de Walle / Rosario Cartel / 
Ryosuke Kadono) 

‘Spectroscopy 

{Stewart Parker / David Shall / 

Hans Hagemann) 

[Now Methods of Characterization 
(Robin Gremaud / Cheng Zhao / 
‘Soniong Hwang) 

‘Magnesium Hydride 

(Piet de Jongh / Hannes Jonsson) 
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‘+ High Capacity Hydrogen 
Storage Materials! 
(Per Erick Vullum / Tabbetha Dobbins / 
Ping Chen / Job Rissenbeck) 

‘+ High Capacity Hydrogen 
Storage Materials I 
(Yuko Nakamori/ Chris Wolverton / 
Ewa Ronnebro / Tom Autrey) 


INHIBITION IN THE CNS, 
COLBY COLLEGE 

WATERVILLE, ME 

JUL 22-27, 2007 

CHRIS MCBAIN, CHAR 
HANNAH MONVER, VICE CHAIR 


‘+ Keynote Talk 1: Inhibitory Cells and 
Circuits -A Personal View 
(Richard Mies) 

+ Keynote Talk 2: Intemouron Hierarchies 
and Oscillatory Organization of Cell 
‘Assomblios 
(Gyorgy Buzsaki) 

+ Development of inhibitory Circuits 
(Hannah Monyer/ Angelique Bordey / 
Gordon Fishel / Josh Huang / Rosa Cossar) 

‘+ Structure and Function of GABA, and 
GABA, Receptors 
(Robert MacDonald / Cynthia Czajkowsti/ 
No Harrison / Bernard Betty 

+ Inhibitory Circuit in the CNS 
(Glormana Maccafor? Gyorgy Buzsaki 
Massimo Scanzian|/ Pablo Casto 
Peter Jonas / Thomas Kiausborger/ 

Tamms Freund /Alex Thomson / an Sotesz) 

+ GABA and Giycine Receptors 
(Stofano Vien! Amy MacDemot/ 

John Huguenard / Gabor Tamas / 
ioe MeMahon) 

‘+ GABA Receptor Modulation 
(Stophon Moss! Bryndis Bime | 
Jamie Maguire / David Weiss) 

‘+ Plasticity and Pathology of inhibition 
(stvon Mody Dimtr Kutimana / 
dulie Kaver/ Joan Claude Lacaile/ 

David Lows) 


INORGANIC CHEMISTRY 
‘SALVE REGINA UNIVERSITY 
NEWPORT, RI 

JUL 18-20, 2007 

WILLIAM BUHRO, CHAIR 
KIM JOHNSON, VICE CHAIR 


‘+ Organometallic Chemistry 
(Richard Kemp / Teri Odom / 

Timothy Warren / Guy Bertrand) 

‘+ Solid-State and Materials Chemistry 
(Janet Braddock-Wiking | Gregory Gitolamt / 
‘Alan Heyduk/ Catalina Achim 
Mark MacLachlan) 

‘+ Supramolecular Chemistry 
(Paul Sharp | Kyoung-Shin Choi / 
sdonathan Nitschke / Andrew Borovik) 

‘+ Nanoscience 
(Sophia Hayes | Michae! Sailor 
‘Anne-Frances Mille / Ana de Bettencourt) 

‘+ Main-Group Chemistry 
(Wiliam Bubro | Evamarie Hey Hawkins / 
Marina Petrukhina / Wiliam Tolman) 

+ Catalysis: 

(Batam Masser! Kimberly Johnson / 
Etena Rybak-Akimova) 


‘+ Bioinorganic Chemistry 
(George Stantyy/ Thamas Bruncid / 
‘Slav’ Sevow / Jennifer Holings worth) 

‘+ Coordination Chemistry 
(Citford Kubiak Kristin Bowman-James / 
Donald Darenstourg / Janet Morow) 

‘+ Celebrating Excellence 
(Kimberly Johnson | Robert Paine | 
Richard Schrock) 


‘+ The Continental Lithosphere: Where Did it 
‘Come From, Where Does it Go? 
(Roberta Rudnick | Peter Keleman / 
‘Adtian Lenardic) 

‘+ The Asthenosphere I- What Is the 
‘Asthenosphere? 

(Stan Hart Grog Hith / Lars Storude / 
‘Shije Zhong) 

‘+ The Asthenosphere Il - How Do the 
Lithosphere, Asthenosphere and Deeper 
Mantle interact? 

(Magot Biton / Anne Davaite / Hans Keppler) 

‘+ Oceanic Lithosphere from Ridge to Trench 
(Donald Forsyth / Robert Dunn / 

Robert Evans / Keth Priestioy) 

‘+ Anisotropy - Fabric Development, 
Maintenance, and Destruction 
(Thorston Bockor | James Gaherty / 
‘Andrea Tomas) 

‘+ Subduction Zones - What Goos Down and 
What Comes Up? 
(Geoffrey Abors Karen Fischer / 
‘Katherine Kelley / Jason Phipps Morgan) 

‘+ Why Is the Transition Zone important? 
(Pou! Tackdoy / David Bercovici/ 

‘Donald Weidner) 

‘+ Deglaciation and Sea-Level Change 
= Earth's Response to Loading on Multiple 
Time Scales 

‘+ Unresolved Questions 
(Barbara Romanowicz / Geof Davies / 
‘Mare Hirschmann) 


LASER DIAGNOSTICS IN COMBUSTION 
MAGDALEN COLLEGE 

‘OXFORD, UNITED KINGDOM 

‘AUG 12.17, 2007 

PAULEWART, CHAIR 

VOLKER SICK. VICE CHAR. 


+ Hot Topics - Selected from Poster 
Contibutions 
(Voker Sick) 

+ High Speed imaging 
(Gonatnan Frank! Jay Smith / 

Walter Lempert / Jeremy Coupland) 

‘+ Turbulent Combustion 
(Warshat Long! Rob Barlow! 
[Anceoas Dreier) 

+ Soot and Particulate Emissions. 
(Civisto Schulz Angela Viet 
Boris Kock / Pascale Desgroux) 

‘+ Nonlinear Optical Techniques 
(Bob Lute | Sukesh Roy /Peter Barer) 

+ Now Laser Sources and Techniques 
(Tom Setersten Jun Yo Richard Mies / 
Katarina Konse-Honghaus) 


+ Biological Applications and Future 
Challenges 
(Marcus Alten / Jurgen Wolfrum) 

+ Diode Laser-Based Techniques 
(Mark Alon / Ron Hanson / Johan Hult / 


LIPIDS, MOLECULAR & 
CELLULAR BIOLOGY OF 
WATERVILLE VALLEY RESORT 
WATERVILLE VALLEY, NH 

JUL 22-27, 2007 

CHARLES MARTIN, CHAIR 
DAVID RUSSELL, VICE CHAR 


‘+ Keynote Taik 1: Role of Structural 
Lpidomics in Genome Annotation 
(Christan Racte) 

+ Keynote Talk 2: Gene Deletions in Mice 
Insights into Phosphatidylcholine 
Function 
(Dennis Vanco) 

‘+ Structure and Catalysis at the Lipid- 
Protein interface 
{Stephen White / John Shanklin / 

Bill Dowhan / Charles Rock) 

+ Lipid Dysfunction and Metabolic Disease 
(Susanne Jockowshi | Gerald Shulman / 
‘Jean Schatfer / Jay Horton) 

+ Lipid Metabolic Regulation 
(Susan Henry / Diego DeMendoza / 
George Carman / Russell DeBose-Boyd/ 
‘Takara nove) 

+ Upid Transport 

(John F Oram / Judth Storch / 

‘Concetta DRusso) 

pid Diversity and Metabotic Engineoring 

(Teresa Dunn / John Browse / 

‘Anthony Kinney / Henry Valentin / 

‘Naren Yadav) 

‘+ Lipid Dynamics in infection and immunity 
(Aited Bendolac / Christina Losto / 

Dennis Vooiker) 

‘+ Fat Deposition and Turnover 
(Guenther Daum / Robert Farese/ 
‘Dominique Langin/ Karon Revo) 

‘+ Regulation of Lipid Homeostasis 
‘(Woon Vance / James Ntambi/ Dan Ory / 
‘Christoph Benning) 


qui cRYSTALS 

COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUN 10-15, 2007 

‘GREGORY CRAWFORD, CHAIR 

PETER COLLINGS, VICE CHAIR 

Imaging Devices 

Sensors 

Lasing and Photonic Bandgap Devicos 

Bioslnspired Materials 

Colloids, Self Assembly, and Molecular 

‘Aggregation 

+ Nanoparticle Dispersions and Carbon 
Nanotubes: 

‘+ Synthesis and Characterization of New 
Liquid Crystals 

‘+ Theory, Modeling, and Computation 

+ Liquid Crystal Elastomers 

+ Liquid Crystal Ordering and Biological 
Function 
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LIQUIDS, CHEMISTRY & PHYSICS OF 
HOLDERNESS SCHOOL 

PLYMOUTH, NH 

JUL 29-AUG 3, 2007 

DAVID REICHMAN, CHAIR, 

‘STEVE GRANICK, VICE CHAIR 


Complex Fluids 
(ay Groves / David Pine) 

Charged Liquids/Polyelectrolytos 
(Gohn Weeks / Alfons van Biaaderen) 
Glass Transition 

(Woh Torkalson / Peter Harowell/ 
Ludovie Bertier) 
ConfinediinterfaciaUBiological Fluids 
(Gean-Francols Joanny / Seth Fraden / 


(Gruce Beme / Shakar Garde / 
Francotse Brochard. Wyart) 
Spectroscopy of Liquids 
(Andrei Tokmakott/ Hub Bakker / 
David Blank) 

Polymeric Liquids 

(Liane Leger Ken Schweizer) 
Simulation Studies 

(Peter Rossky / Bemharct Trout) 


MAGNETIC RESONANCE 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

‘JUN 17-22, 2007 

‘SHIMON VEGA, CHAIR 

BEAT MEIER, VICE CHAIR. 


‘Tho GRC Where EPR and NMR Meot 
(Oichao! Metying / Jan Schevat/ 

Ray Freeman) 

Order and Dynamics in Blo-Molecules 
(Kurt W. Ziim Stephan Grzosiok | 
Goottrey Bodenausan / Stanley Opeta) 
Non-Conventional Magnetic Resonance 
(Daniel P. Weitokamp | Go Yusa / 

Michael Romalis/Arno Kenton) 
Bio-Solids NMR 

(Robert Tycko/ Jacob Schaefer / 

CChad Rienstra /Ann McDermott Bernd Reif) 
Sensitivity Enhancement 

(Maicoim H. Levit / Walter Kockenberger / 
Joachim Bargon / Robert G. Grifin) 

NMR Methodology and Materials 

(Hans W. Spiess / Dominique Massiot / 
Mei Hong /Zhehong Gan) 

Magnetic Resonance imaging 

(Lucio Frydman / Aaron Blank / 

\Warron 8. Warren / Kiaas Pruessmann) 
Paramagnetic Resonance 

(ack H. Freed / Brian M. Hoffman / 
Gunnar Jeschke / Kiaus-Poter Dinse / 
leg P. Poluektov) 

NMR at Low Field 

(Boat Meier /Alex Pines / Paul Callaghan) 


MALARIA 
MAGDALEN COLLEGE 
‘OXFORD, UNITED KINGDOM 
‘SEP 9-14, 2007 

KEVIN MARSH, CHAIR 
CHETAN CHITNIS, VICE CHAIR 


Keynote Talk 1: Global Distribution and 
Burden of Malaria 
(Bob Snow) 


‘+ Keynote Talk 2: Malaria and the Human 
Genome 
(Dominic Kwiathows) 

‘+ Severe Malaria 
(Charles Newton | Richars Ido / 
emia Phin /Ric Price / Kath Maitans) 

+ Pathogenesis 
(Tere Taylor Stove Kamiza | 
‘Sam Wassmer/ Jay Beey) 

+ Drugs for Malaria 
(Wick Write Aes Nala 
‘Manan Warsame / Karen Barnes) 

‘+ Malaria in Pregnancy 
(Bren Greenwood Pat Dufy / 

Cara Menendez / Rose McGready) 

‘+ Noval Interventions 
(Ogobora Doumto | Dave Schetenberg 
Badara Cisse / Simon Brooker) 

+ Vectors 
(Janet Hemmingway Imo Kitnschmit/ 
Marth Donnety /Paul Eggleston) 

+ Vaccines. 

(Pedro Alonso / Peter Bitingsiey/ 
Chetan Chins) 

+ Going to Scale 
(Fred Binka | Nk White / Marcel Tenner / 
Catherine Goodman / 

Ramanan Laxmrerayen) 


MAMMARY GLAND BIOLOGY 
‘SALVE REGINAUNIVERSITY 
NEWPORT, Ri 

JUN 10-15, 2007 

‘STEVEN ANDERSON, CHAIR: 
‘CATHRIN BRISKEN, VICE CHAIR 


‘+ Opening Address: Genes That Mediate 
Breast Cancer Metastasis - Why Tumor 
Calls Migrate to Specific Places 
(Steven M Anderson | Joan Massague) 

‘+ Stem Celis in Mammary Gland 


(Cathe Briskon | Jacqueline Vekmaat / 
Pam Cown) 

+ Cancer Models 
(Walia J. Mullor Unda Schuler / 
Kathryn L Schwertegor /Alana Wolm) 

‘+ Translation tothe Clinic 
(Adrian Loe | Carlos Arteaga / Douglas Yeo) 

‘+ Tumor Metabolism - Warbrug Revisited 
(0. Joseph Jorry/ Paul M. Hwang / 
Valota R. Fantn / Wiliam 8. Kiniaw) 

‘+ The Lactation Switch 
(lan Mather Dean P. Edwards / 

Lewis Chodosh) 

‘+ The involution Switch 
(Torri Wood ! Darr Hadsell/ 
(Christine Watson / Peter Henson) 

‘+ Keynote Address: A Physiologist Looks 
and Mammary Gland Development and 
Function 
(Steven M. Anderson | Margaret C. Nevite) 


MATRIX ISOLATED SPECIES, 
PHYSICS & CHEMISTRY OF 

BATES COLLEGE 

LEWISTON, ME 

JUL 15.20, 2007 

ARAAPKARIAN, CHAIR 

MARIO FAIARDO & 

CHARLES WIGHT, CO-VICE CHAIRS 


‘Matrix isolation - Spectroscopy 
(Martin Vala / Lester S, Andrews ! 
‘Maryn E. Jacax / Wiliam Graham) 


Photochemistry 

(Hideo Tomioka | Laurent Manceron / 
Zofia Mieke) 

‘Quantum Hosts - Helium 

(Jussi Eloranta / Andrey Viesov / 

‘Kevin K. Lehmann) 

‘Quantum Hosts - Solid Hydrogen 
(Mario E, Fajardo | Yuan-Pem Lee / 
Robert J Hinde / David T, Anderson / 
‘Takamasa Momose) 

Photodynamics 

(Charles A. Wight! Leonid Knviachichev) 
Dynamics (Time Resolved) 

(Ua Goltechieger/ Nikolaus Schwentner / 
‘Mika Pettersson / Peter Hamm) 

Novel Species 

(Rui Fausto | Markku Rasanen / 

‘Mingfel Zhou / Benny Gerber) 
Clathrates 

(Werner Klotzbuechor/ Kenneth Janda / 
Wormer F. Kuhs / Kenneth D. Jordan / 
Kothn Hester) 

ees. 

(Som Abrash/ Murthy 8. Gudipat/ 
‘Vietoda Buch) 


MATRIX METALLOPROTEINASES. 
iLelocco 

LUCCA (BARGA), ITALY 

JUN3-8, 2007 

‘CARLOS LOPEZ-OTIN, CHAIR 
CARL BLOBEL, VICE CHAIR 


‘Matrix Metalloprotoinases: An Evolving 
Field 


(Carlos Lope2-Ovin Stephen Keane / 
Bill Parks / Amanda Fosang) 

‘Matrix Metalloproteinases: Essential 
Regulators of Cell Behaviour 

(Agnos Noo! / Shahin Raf / 

‘Luisa rusia-Avipe / George Davis / 

Alicia G. Arroyo / Steve Weiss) 

‘The Dual Roles of Matrix 
Metalloproteinases in Cancer 

(Steve Weiss / Dylan Edwards / 

{Lynn Matrisian / McGarry Houghton / 

‘Alex Strongin / Derek Radisky) 

MMPs and Their Inhibitors: New 
Approaches to Old Problems. 

(Gllian Murphy / Robert Viese / 
‘Hyeong-Reh Kim / Steve van Doren / 
Chris Overal/ Nels Behrondt / 

‘Motoharu Seki / Grog Goldberg / 

Rama Khokha) 

‘The Other Motalloproteinases: ADAMS, 
‘ADAMTSs and Beyond 

(Cart Blobel / Sunes! Apte / 

‘Joaquin Arnibas / Dominique Alfandas / 
‘Ciaus Oxvig / Daniel S. Greenspan) 
‘Matrix Metalloproteinases in Human 
Disease 

(Lyn Matrisian | Eng H. Lo / Annie Pardo / 
‘Teno Sorsa / Massimo Federicl/ Peter Libby) 
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‘+ Matrix Metalloproteinases: A Structural 
Glimpse 
(Xavier Gomis-Ruth | Wottram Bode / 
ich Baumann /Yoshinor Akiyama / 
Stefan Gerhardt / Soichi Takeda) 
‘+ Towards a New Generation of 
Metalloproteinase Inhibitors 
(Chris Overall! Vincent Dive / 
Seth Cohen / Dorothea Piecha/ 
Mike Janusz / Roy Black  Bin-Bing S. Zhou) 
‘+ Matrix Metalloproteinases: 
‘The Future Ahead 
(Car Blobel / Zena Wert) 


(MECHANISMS OF CELL SIGNALLING 
MAGDALEN COLLEGE 

‘OXFORD, UNITED KINGDOM 

‘SEP 16-21, 2007 

JONATHAN CHERNOFF, CHAIR 
‘CHRISTOPHER MARSHALL, VICE CHAIR 


‘+ Keynote Talk: Integrins and Small 
GTPases -A Two-Way Stroet 
(Martin Schwartz) 

‘+ The Big Pleture: Integrating GTPase 
Signal Transduction 
(Doug Lauttonborger | Peter Noliau / 
Jason Haugh /Julan Downward / 
Channing Der) 

‘+ GTPase Signaling: Subcellular 
Localization 
(Adrienme Cox Rick Horvite / 
Michiyuki Matsuda / Klaus Hahn) 

‘+ Small GTPases and the Regulation of Cell 
Division 
(Alon Hal / Shun Narumiya / 
Cayetano Gonzalez / an Macara) 

‘+ Call Polarity and Differentiation 
(Voiorio Weaver / Kosi Ravichandran / 
Tatsuo Kinashi 

‘+ Coll Adhesion/Migration 
(Chis Marshal / Hans Bos / John Collars / 
Kristiana Vor) 

‘+ Small GTPases: Organismal Blology and 
Development 
otrey Settloman | Linda van Aelst/ 
Andre Bernards / Georg Halder) 

‘+ Small GTPases, Signaling, and Cancer 
(Daina Bar-Sagi/ David Tuveson / 
Ed Mansor | Frank Slack / John Sondok) 

‘+ Signal Transduction-Based Therapeutics 
(Robert Abraham / Lisa Honsko / Yi Zheng) 


(MECHANISMS OF MEMBRANE TRANSPORT 
TILTON SCHOOL, 

TILTON, NH 

JUN 10-15, 2007 

PETER MALONEY, CHAIR 

AMY DAVIDSON, VICE CHAIR 


‘+ Biophysical and Biological Principles 
(Petor Maloney / Miton Saier, Jr / 
‘Werner Kublbrandt /H. Ronald Kaback) 

+ ABC and E1E2 Transporters. 

(Amy Davidson | Heather Pinkett / 
David Gadsby / Kaspar Locher) 

‘+ Grossing the Bilayer 
(Stove White Don Engleman / 
‘Shimon Schuldiner) 

‘+ Gating and Conduction 
(David Gadsby  Youxing Jiang! 

Rod MacKinnon / Gary Yolen) 

“+ lon, Solute and Water Channels 
(Ching Kung / Michael Maguire / 

Tamir Gonen / Chris Miler) 


‘+ Selected Poster Talks, + Structure-Based Drug Design 
(Chris ater) (Mark Murko) 
‘+ Transporters ‘+ Therapeutic Pain Targets 
(H. Ronald Kaback / Da-Neng Wang / (Mark Bilodeau) 
tana Padan / Rajni Rao / Daxiong Fu) + Late Breaking Topics 
‘+ Future Challenges: (KatoriAhrondt) 
(Bit Forbush /Arjana Rao / + Chair's Talk 
‘Lukas Novotny / Andrew Ferguson) (Paul S. Anderson) 
(ME CHANOSENSORY TRANSDUCTION MICROBIAL ADHESION & 
UNIVERSITY OF NEW ENGLAND ‘SIGNAL TRANSDUCTION 
BIDDEFORD, ME ‘SALVE REGINA UNIVERSITY 
JUL 22.27, 2007 NEWPORT, Ri 
PAULBLOUNT & GLORIA MUDAY, CO-CHAIRS JUL 22-27, 2007 
[ERIC HONORE, VICE CHAIR BONNIE BASSLER & 
ARTURO ZYCHLINSKY, CO-CHAIRS 
‘+ An Introduction to Issues and ALAIN FILLOUX & 


‘Approaches Needed for a Comprehensive 
Understanding of Mechanosensing 
(Ching Kung / Martin Chat / Don ingber) 


‘Sarah Wyatt /Elzabeth Haswell) 
‘+ Biochemical and Biophysical Mechanisms 


Poter F. Davies / Martn Guthold) 

‘+ Specialized Mechano- or Gravity-Sensitive 
Colls of Tissues 
(Ruth Anne Eatock / Charies Bourque / 
Roger Hangarter / Ebenezer Yamoah) 

‘+ Genetic and Genomic Approaches 
to Mechanotransduction and Gravity 
Signaling it 
(Patrick Masson | Kate Beckingham / 
‘Masao Tasada) 

‘+ Cellular and Tissue Responses to 
‘Mechanleal or Gravity Stimull 
(Gohn Wood / John Kiss / Je HoR) 

‘+ The Role of Cytoplasmic and Extracellular 
Proteins in Mechanosensory Transduction 
(Viola Voge! / Michael Sheetz / Benny Geiger) 

‘+ Ionic Signaling During Mechanosensory 
Transduction 
{Simon Giroy / Helen Kennedy) 

‘+ Hot Toples: Short Talks with Speakers 
‘Selected from the Submitted Abstracts 


(MEDICINAL CHEMISTRY 
‘COLBY-SAWYER COLLEGE 
NEW LONDON, NH 

‘AUG 5-10, 2007 

‘GEORGE HARTMAN, CHAIR. 
LES MCQURE, VICE CHAIR 


‘+ Application of Targeted Prodrugs 
to Improve Pharmacokinetic and 
Pharmacodynamic Parameters 
(Manjoy C. Desai Dennis Smith 
Richard Mackman / Mark Galop) 

+ Kinases 
(Mary Mader | Michal Vieth/ Mike Luzzio / 
Mark Fraley / Gabriel Martinez-Botete) 

‘+ New Approaches to Cardiovascular 


(dim Barrow / Ling Hong Xie 
Michael Letavic/ Christoph Boss) 

‘+ Disruptors of Protein-Protein Interactions 
(Mike Shuttz) 


MICHAEL STARNBACH, CO-VICE CHAIRS. 


+ Keynote Address 1: Bacterial ron Wars 
(Mechae! Stambach / Christopher T. Walsh) 

+ Keynote Address 2: Host-Cell Responses 
to Symbiont Signals - The Molecular 
Dialogue of the Squid-Vibrio Partnership 
(Mecho! Stamboch / Margaret McFal-Ngai) 

+ Cell to Cell Communication 
(Alain Fitoux | Mchoel Surete / 

‘Marvin Whiteley / Dale Kaiser / 
Roberto Koter/ Matthew Freeman) 

‘+ Microbes and Evolution 
(Arturo 2ychlnsky / Joan Strassman / 
‘Mantted Miinski / Forest Rowher / 
‘Sebastian Bonboetter) 

‘+ Symbiotic and Pathogenic Infections. 
(Roberto Kotor Michael Starnbach / 
Graham Walker / Roy Gross / Brett Finlay) 

‘+ Type Secretion 
{Staffan Nomark | Guy Comets / 

‘Hans Woll-Wate / Jorge Galan / 
lat Schneewind) 

‘+ Signaling: The Host Side 
(Margaret McFa¥-Ngai Alan Adorom / 
Vishwa Dox / Michael Boutros / 
Emmanuolle Caron / Philppe Sansonet) 

+ Signaling: The Microbe Side 
(Christopher T: Walsh / David Dubnau / 
‘Tom Sithavy / Susan Gottesman / 
Jean-Marc Ghigo) 

‘+ Adhesion, Adhesins, Appendages 
(Brett Finlay | Scott Huilgren / 

‘Tory Pugsley /John Tolford / Alain Filoux / 
‘Staffan Normark) 

‘+ Bacterial Cell Biology 
(dorge Galan / Zomer Gita / 

‘Michael Laub / Piet DeBoer / Kit Pogliano) 


MICROBIAL POPULATION BIOLOGY 
PROCTOR ACADEMY 

ANDOVER, NH 

SUL 22.27, 2007 

PAUL RANEY, CHAIR 

ANTONY DEAN, VICE CHAIR 


‘+ Microbes and Ecosystem Function 
(Forest Rowher/ Roger Summons) 

‘+ Evolutionary Genetics of Microbes: A 
‘Systems-Level View | 
(Mike Savagoau | Andreas Wagner / 
[Lauren Ancel Myers / Uri Alon) 

‘+ Evolutionary Genetics of Microbes: A 
‘Systems Level View Il 
(Roy Kishony Frances Arnold / 
(Chris Voigt / Chris Knight) 
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‘+ Population Biology of Microbes. 
(Fred Cohan | Valera Souza / Dan Falush / 
Ford Doaltle/ Nichole Broderick) 

+ Symbiosis 
(Greg Hurst Cameron Curie / 

Susse Kitkelund Hanson) 

‘+ Evolution of infectious Disease! 
(Susanna Remold / Troy Day / 

Dieter Ebert Gary Schoolnik / Doug Berg) 

‘+ Evolution of infectious Disease 
(Richard Moxon / Marc Lipstch / 

Harmit Maik / Dan Andersson) 

‘+ Genetics of Adaptive Evolution 
(Paul Turnor Rees Kassen / 

David D’Argenio) 

‘+ Interesting Life History Strategies of 
Bacteria 
(Francois Tadde!/ Richart Losick / 
slack Werren) 


(MICROFLUIDICS, PHYSICS & CHEMISTRY OF 
WATERVILLE VALLEY RESORT 

WATERVILLE VALLEY, NH 

JUL 15-20, 2007, 

'SABETH VERPOORTE, CHAIR 

AMY HERR & 

JUAN SANTIAGO, CO-VICE CHAIRS 


+ Keynote Lecture: Microfluidics and MEMS. 
{for Biomolecular Analysis 
(Hiroyuki Fujta) 

‘+ Short Presentations: Student Posters 
(Sandor Koster) 

‘+ Flow imaging and Diagnostics 
(aap den Toonder/ Jerry Westerwoe!/ 
john G, Georgiadis) 

‘+ Handling (Bio)particles in Microftuldic 
Systoms. 
(ames Landers /Kiavs Jensen / 
‘oa! Voldman) 

‘+ Electrokinetic Phenomena at the 
Nanometer Scale 
(Juan Santiago / ich Taliarok 
Mastin Bazan) 

‘+ Nano(bio)technology: Chemical and 
Biochemical Locomotion 
(Armand Adarl/ Ayusman Sen) 

‘+ Novel Analysis and Detection Strategies 
(Susan Lunte Bian MacCrath / 
Norman Dovichi) 

“+ Functional Materials 
(Yoshinobu Baba / Jorg Kuttor) 

‘+ Working with Cells in Microfluidic Devices 
(Shuichi Takayama (Teruo Fuji 
Mohmet Toner) 

‘+ Future Funding and Markets for Micro- 
and Nanofluidies. 
(Laure Locascio / Jot Fortin / Dennis Pot) 


MOLECULAR & CELLULAR BIOENERGETICS 
PROCTOR ACADEMY 

ANDOVER, NH 

‘JUN 17-22, 2007 

FEVZI DALDAL, CHAIR. 

DAVID NICHOLLS, VICE CHAIR 


‘+ Electron Transfer, Proton Transfer, Role of 
‘Water in Proteins 
(Marin Gunner /P. Leste Dutton / 

Judith P.Klinman / David Beratan) 

‘+ Maturation and Assembly of Mult-subunit, 
Multi-cofactor Membrane Proteins 
(Sabeena Merchant / Michael K. Johnson / 
Stuart J. Ferguson / H-Georg Koch) 


‘+ FOF1 ATP Synthase: Structure Function 
and Assembly 

(Wolfgang Junge / John E. Waker / 

‘Stanley D.Dunn) 

‘+ Complex! and Complex it: 
‘Structure-Function and Biogenesis 
(Tomoko Ohnishi /Wilkam A. Cramer / 

Leo Sazanoy / Axhit Valdha) 

‘+ Mitochondrial Links to Apoptosis, Cancer, 
‘Aging and Therapeutics 
(Takao Yagi / Craig B. Thomson / 

Paul M. Hang / Lenny Guarente) 

‘+ Molecular and Cellular Bioenergetics 
Workshops 
(Anthony R. Crofts / Bianca Barquera / 
‘Stephan Wikens / Shelagh Ferguson-Miler) 

‘+ V-ATPase Structure-Function and Cell, 


Biology 
(Patricia Kane / Michael Forgac / 
Michael Levin) 


‘Structure-Function and Biogenesis 
(Hartmut Michel / Robert B. Gens / 
Garry Cecchini Marten Wikstrom / 
Jon Hosier / Maik Huttemann) 

‘+ From Omics and imaging to 
Bio-nano Frontiers 
(Atibute to Briton Chance) 


MOLECULAR MEMBRANE BIOLOGY 
PROCTOR ACADEMY 

‘ANDOVER, NH 

‘JUL8-13, 2007 

[BENJAMIN GLICK, CHAIR 

‘SEAN MUNRO, VICE CHAIR 


‘+ Membrane Domains 
(Scott Emr Bil Wickner / Davis Stephens / 
‘Suzanne Peter) 

‘+ Mombrane Fusion 
(Hugh Pelham / Josep Rizo / James McNew / 
Reinhard Jahn / Andreas Mayer) 

‘+ Lipid Transport and Localization 
(Fred Maxfold/ Dawn Brasaemie/ 

Will Prinz / Peter Espenshade) 

‘+ Organelte Structure and Dynamics 
(Lois Weisman / Janet Shaw / Liza Pon / 
(Chis Kaiser / Catherine Rabouile) 

‘+ Pathogens and Mombrane Traffic 
(Pascale Cossart/ Norma Andrews / 

Craig Roy / Tom Wileman) 

‘+ Vesicle Formation 
(Sandy Schmid | Pioto De Cami / 

‘Anne Spang / Bil Balch / Randy Schokman / 
Charle Bariowe) 

‘+ Reaching the Plasma Membrane 
(Petor Novick | Vivek Malhotra / 

Patrick Brennwald ra Meliman) 

‘+ Traversing the Golgi 
(Alberto Luini/ Adam Linstedt/ 

Francis Barr/ Jim Rothman /Aki Nakano) 

+ Entering the ER 
(Ari Holoniss /Tom Rapoport! 

‘Gunnar von Hoje / Peter Walter) 


MOLECULAR THERAPEUTICS OF CANCER 
‘COLBY-SAWYER COLLEGE. 

‘NEW LONDON, NH 

UL 22.27, 2007 

PHILLIP DENNIS, CHAIR 

JAMES WINKLER, VICE CHAR, 


= MicroRNA 
(Carlo Croce / Catto Croce! 
(Curtis Hams / Paul Foster) 


‘+ Autophagy, the Unfolded Protein 
Response and Cancer 
(Linda Hendershot/ Linda Hendershot) 

+ Aktand mTOR 
(Mary Ann Bjornst/ Nissim Hay / 
David Sabatin) 

‘+ Stem Cells in Epithelial Cancers 
(Max Wicha / Max Wicha / Sam Jones / 
‘Thomas Look) 

‘+ Emerging Kinase Targets 
(Robert Kramer Ravi Sagi / 
‘Moitreyee Kishore) 

+ Repositioning Old Drugs as Gancer 
Therapeutics 


(Patricia Stoog | Patricia Steg / 
Warren Chow / Ping Dou) 

‘+ Making the Untreatable Treatable: 
Lessons from Kidney Cancer 
(Ronald Bukowski / Ronald Bukowski / 
‘Marston Linehan) 

+ Exosomes, Tetraspannins, and Lipidomics 
(Alain Delcayre | Alain Delcayre / 
Martin Hemier/ Alex Brown) 

‘+ What Have We Learned from Targeting 
VEGF? 
(Hilary Calvert Alan Sandler / 
‘Alshin Dow/at!) 


MOLYBDENUM & TUNGSTEN ENZYMES. 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 1-8, 2007 

‘CAROLINE KISKER 8 

ALASTAIR MCEWAN, CO-CHAIRS 
MARTIN KIRK 8 

MARIA JOAO ROMAO, CO-VICE CHAIRS 


+ Keynote Talk 1: Molybdenum Cofactor 
‘Synthesis and Beyond 
(Ralf Mendel) 

+ Keynote Taik 2: Tribute to Edward Stiefel 
(Sharon Burgmayer) 

+ Sulfite Oxidase Family 
(KV. Rajagopalan / Uinke Kappler / 

Joel Weiner / Heather Wiison / 
‘John Enema) 

‘+ Xanthine Oxidase Family 
(Takeshi Nishino / Onwin Mayer / 

Wired R. Hagen / Ken Okamoto / 
‘Charles Young) 

‘+ DMSO Reductase Family 
{Graham George | Johann Heider / 

Give S. Butter / Ofver Einsle / Julea N. Butt) 

‘+ Molecular and Cellular Biology of 
‘Mo and W 
(Maria Joao Romeo | Axel Magalon / 

Frank Sargent) 

‘+ Mo Cofactor and Beyond 
(Sike Leimkahier!Androw T. Smith / 
Florian Bittner / Gonter Schwarz / 

‘Sharon Burgmeyer /C. David Gamer) 

+ Environmental Aspects: 

(Uoanne M. Santi / Jeffrey A. Gralnick ! 
‘Chad W. Saltkov / Anne-K. Duhme-Kiair/ 
David J. Richardson) 

+ Mechanisms of Catalysis and 
Electron Transfer 
(Martin L. Kirk Paul V. Bernhardt | 
Russ Hile/ Matthias Hofmann / 

‘Christian J. Doonan) 

+ Keynote Talk 3: Moving Electrons and 
Protons together, With and Without Metals, 
= Thermodynamics and Kinetics 
(im Mayer) 
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MOTILE & CONTRACTILE SYSTEMS. 
‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 8-13, 2007 

MARGARET A. TITUS, CHAIR 
KERRY BLOOM, VICE CHAIR 


‘+ Keynote Talk: Mitotic Spindle 
Morphogenesis in Chromosome 
‘Segregation and Beyond 
(Yaxian Zheng) 

‘+ Molecular Mechanisms of Motor Proteins 
(Susan Gitbort/ Enrique De La Cruz / 


(Donise Monta/ John Condeots) 
‘+ Intracellular Transport 

(Kristen Verney 1 Volodya Gelfand) 
‘+ Kinotochores and Chromosome 

Movements 

(Ted Salmon | Tisha Davis / David Sharp) 
+ Cytokinesis: 

(Karen Oogema / Tom Pollard) 
‘+ Coll Polarity and Signalling 

(Tony Bretscher/ James Nelson) 


MYCOTOXINS & PHYCOTOXINS: 
COLBY COLLEGE 

WATERVILLE, ME 

JUN 17-22, 2007 

KELLY REIN & KENNETH VOSS, CO-CHAIRS 
BARBARA BLACKWELL & 

ROBERT DICKEY, CO-VICE CHARS 


= Human Exposures 
(Paul Alan Cox ! George Batley / 

Wayne W. Carmichael) 

‘+ Public Health and Epidemiology 
(Lorraine C. Backer Chris Wis 
Gordon Shephard / George Lubor 
Pauline Joly / Lora E. Fleming) 

‘+ Detection Technologies for Organisms: 
and Toxins 
(Robert Dickey / Michael Appell! 

Kfistian Nielson) 

‘+ Now Toxins, Metabolites and Synthesis, 
(Robert Gawioy Craig Forsyth / 
Manfred Motalor/ Timothy F. Jamison / 
Michael A. Quam) 

‘+ Molecular Genetics of Toxin Biosynthesis 
(Cindy Hol! / Fran Van Dolan / 

\Willam Nierman /Junich Kobayashi) 

‘+ Toxin Biosynthesis, Regulation and 
Funetion 
(ylang Yu | Brett A. Netan / 

Franz Berthiler / Douglas L. Crawford / 
Mark Wells Bruce Campbel) 

‘+ Toxicogenomics and Molecular 
Mechanisms 
(Wayne Bryden | Janee Gelineau-van Waes / 
Kathi Lefebvre / James Pestka) 

‘+ Molecular Mechanisms 11 
(Robert McPhail / Alice Hudder / 

‘Angola Mally/ Gerhard Adam / 
‘Alen R. Place) 

‘+ Modiators of Pathogenesis. 
(Michael Kolomiets /Tory Glenn) 

‘= Economic Impacts 
(Mary Trucksess | Felicia Wu) 


NATURAL PRODUCTS. 
TILTON SCHOOL, 

TILTON, NH 

JUL 22-27, 2007 

DAVID UEHLING, CHAIR 

‘SCOTT GILBERTSON, VICE CHAR 


‘+ Total Synthesis of Natural Products 
(Phil Baran / Stephen Martin / Richard Taylor) 
‘+ Advances in Natural Products Synthesis 
‘and Isolation 
(Wiliam Ferical/ Jay Keasting / John Wood) 
‘+ Natural Products Synthesis and 
Methodology 
(Gustin DuBois / Toru Fukuyama / 
Peter Jacobi / Mark Lautens) 
‘+ Catalytic Synthetic Methodology 1 
(Robert Grubbs / Richard Larock) 
‘+ Catalytic Synthetic Methodology 
(Greg Fu /Erc Jacobsen / Andreas Ptatz) 
‘+ New Methods in Synthesis of Natural 
Products 
(anine Cossy / Richmond Sarpong / 
Jan Van Maarseveen) 
‘+ Chemical Communication 
(Helen Blackwell/ Julia Kubanek / 
Walter Leal) 
‘+ Chemical Biology 
(Davi Lis /Anna Mapp / Raj Singh) 
‘+ Medicinal and Bioorganic Chemistry 
(Michael Luzzio/ Sergey Kozmin / 
‘Mardin Miter / Emma Parmee) 
‘+ Modicinal and Process Chemistry 
(Mui Cheung / Steve Davidsen / Eric Moher) 


NEURAL CIRCUITS & PLASTICITY 
‘SALVE REGINAUNIVERSITY 
NEWPORT, Ri 

JUL 1-6, 2007 

RAFAEL YUSTE, CHAIR 

TAKAO HENSCH, VICE CHAIR 


‘© Keynote Talk 1: TBA 


‘+ Chemical Senses 


(Marcus Meistor | Rachel Wong / 
Mara Faller) 

+ Hippocampus 
(Ere Schuman | May-Bit Moser / 
‘Matthew Wilson) 

‘+ Hot Topics: Neurogenesia/Stem Cells 
(Fernando Nottebohm / Piarre-Marie Lledo / 
Fred Gage) 

‘+ Neocortox 
(Clay Reid / Hannah Monyer/ Ed Callaway) 

‘+ Keynote Talk 2: TBA 
(Susumu Tonegawa) 

‘+ Animal Cognition 
(Anne Graybiel / Dan Margoliash / 

Marc Hauser) 

‘+ Human Cognition 
(doy Hirsch Nancy Kanwisher 
Read Montague) 

‘+ Hot Topics: New Methods 
(Wintried Denk | Gero Miesenboeck / 
Julie Simpson) 


NEUROTROPHIC FACTORS: 
‘SALVE REGINA UNIVERSITY 
NEWPORT, Ri 

JUN 17-22, 2007 

DAVIO GINTY, CHAIR 

WILLIAM MOBLEY, VICE CHAIR 


+ Trophic Factor Signaling | 
(Luis Parada / Barbara Hempstead / 

Gary Landreth / Gall Mandel) 

+ Trophic Factors, Plasticity and Behavior 
(Moses Chao / Rene Hen / Lisa Montogaia / 
Uno Tessarallo/ Martha Constantine-Paton) 

+ Neuronal Growth Factors and, 
Development! 

(Bil Snider Rudiger Kiein/ Gabriel Coras / 
‘Sam Pfaff) 

+ Trophic Factors and Neural Disease 
(Louis Reicharat/ Frank Longo / 

Eva Feldman / Ray Bartus / 
Lary Benowaz / Jeff Kordower) 

‘+ Trople Factor Signaling I 

(Carlos ibanez / Francis Lee / 
Enrico Tongiorgl/ David Kaplan / 
Bruce Canter) 

+ Trople Factor and Plasticity, 
(Mike Ehlers / Mu-ming Poo! 
Kelsey Martin /Nancy ip) 

‘+ Trophic Factors and Developmental 
Disorders 
(Rosalind Sogal/ Enka Hotebaur / 

‘Jack Grif / Davi Katz / Yanmin Yang) 

+ Neuronal Growth Factors and 
Development it 
{Story Landis Tony Pawson / 

‘Tom Jessoll/ Siva Atber / Dennis O'Leary) 

‘+ Trophic Factors and Synaptic Functions, 
(Yes Alain Bardo / Andres Bonanno / 
Patrela Salinas / Shumin Duan) 


NONLINEAR SCIENCE 
COLBY COLLEGE 

WATERVILLE, ME 

JUN 24-29, 2007 

JANNALIN, CHAIR 

ROBERT BEHRINGER, VICE CHAIR 


+ Glassy, Disordered and 
Granular Systems | 
(Wim van Saarioos / Hernan Masko / 
‘Mark Shattuck) 
+ Pattern Formation | 
(Gunter Ahlers / Ehud Moron /Iving Epstein) 
+ Dynamic Networks 
(Stave Potter / Bil Ditio/ Bruce Gtickman) 
+ Fracture 
(ay Fineberg/ Stove Morris) 
+ Glassy, Disordered and 
Granular Systems it 
(Bulbul Chakraborty / Eric Weeks / 
LL Mahadevan) 
+ Biological Systems 
(Peter Jung / Kyoung Lee / Oscar Mesqulta) 
+ Instabilities 
(Mogens Levinsen / Ed Ott/ 
‘Dan Lathrop /Linda Smoka) 
+ Network Dynamics 
(Nishikawa Takashi) 
+ Pattom Formation I 
(Olver Steinbok) 
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NUCLEAR CHEMISTRY 
‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUN 3-8, 2007 

AUGUSTO MACCHIAVELLI, CHAIR 
BETTY TSANG, VICE CHAIR 


‘+ New Developments in Nuclear Structure 
Theory 
(Dudek /S. Frauendor A. Schwenk / 
R.Wyss) 

1+ The Structure of Light Nuclei 
(A Wuosmaa /A. Schiler) 

‘+ Nuclear Structure Far From Stability: 
Proton-Rich Nuclei 
(P-Butler/A. Goorgen /S. Lenzi / 
K. Rykaczowski /D. Saranttes / 


{R sdanssons /K. Jones /P Manica / 
 Starosta/A. Stuchbery) 

+ Highiights from Now Facies 
(J. Gert /C. Svensson) 

+ Phenomena at High-Spins 
{€-Boavsang/H. Hubel/¥. Rey) 

+ Aspects of Pairing in Nucl! 
(RM. Clark / P. van isacker) 

ropertios of Warm Nucl 

(Th, Dossing/A. Lopez Martin 
D. Savran/F.S. Stephens) 

+ Nuclear Structure and nomic States 
(G:Lane /P Regan) 

+ Proportios of Heavy Nucol 
(A Afanasjev / TL. Khoo) 

+ Nucloar Astrophysics: 
(A.Champagne) 

+ Double Beta Decay 
(E. Norman) 

+ Now instruments and Applications 
(1¥- Leo Simpson / Lomein) 


NUCLEAR PHYSICS 
‘SALVE REGINA UNIVERSITY 
NEWPORT, Ri 

JUL 18-20, 2007 

MICHAEL RAMSEY-MUSOLF, CHAIR, 
‘STEVE VIGDOR, VICE CHAIR, 


‘+ Tho Nuclear Physics of Stars 
(Sanjay Reddy / Gail McLaughlin / 
‘Yong Glan / Michaol Waischer) 

‘+ Noutrinos in Nuclear Physics 
(Baha Balantekin/ Robert McKeown / 
Hamish Robertson / Necole Bell / 

Stove Elo / Bonnie Fleming / 
John Beacom) 

‘+ Challenges in Nucloar Structure 
(Witok Nazarewic / Rocco Schiavila / 
David Dean / Don Goesaman) 

‘+ QCD and the Structure of Hadrons: 
(ianping Chen / Xiangdong Ji/ 
Richard Miner / Kostas Orginos / 
Michel Garcon / Zein-Eddine Meziani / 
‘Nianga Liyanage) 

‘+ Quarks, Gluons, and Spin 
(irich Heine / Bil Zajc / 

Raju Verugopotan / Naomi Makins) 

‘+ GP-Violation and the Origin of Matter 
(Susan Gardner Steve Lamoreaux ! 
Zheng-Tian Lu / Cher-Yu Lu / 

Maxim Pospelov / Vincenzo Cirigliano 
Stefano Profumo) 

‘+ QCD and Effective Field Theorys 
(Roxanne Springer tain Stewart / 
Henry Weller / Elzabeth Jenkins / 
Daniel Philips) 


‘+ Symmetry Tests in Nuclear Physics 


NUCLEIC ACIDS 
‘SALVE REGINAUNIVERSITY 
‘NEWPORT, Ri 

JUN 38, 2007 

CYNTHIABURROWS & 

AOSEPH (JODY) PUGLISI, CO-CHAIRS 
JAMIE CATE 8 

PAUL MODRICH, CO-VICE CHAIRS 


‘+ Keynote Lectures: Frontiers of DNA & 
RNA Research 
(C. Burrows / J. Pugs! Jacquetine Barton / 
Ignacio Tinoco) 

‘+ Molecular Recognition and Processing of 


‘+ Nucleosomes and DNA Dynamics 
(Karol Luger! Jon Widor / 
Geeta Natikar/ Steve Kowalczykowski) 

‘+ Ribozymes & Riboswitches: Structural 
Basis for Function 
(Adrian Forro-d’Amare | David Ley / 
‘Martha Fedor / Dan Hershiag / Scott Strobe) 

‘+ RNAllnterference: Pathways to Gene 
Function 
(Lemor Joshua-Tor! Dinshaw Patel / 
Peter Sarnow) 

‘+ Transcription initiation and Regulation 
(Anna Mapp | Tom Kodadek / 
Richard Eight / Patrick Cramer) 


‘Woltgang Wintermeyer) 


‘+ Emerging Technologies: Synthetic Blology 


(Floyd Romosborg / Chvistina Smoke / 
‘Andreas Marx / Milan Stojanovic) 


NUCLEOSIDES, NUCLEOTIDES & 
‘OUIGONUCLEOTIDES 

‘SALVE REGINAUNIVERSITY 
NEWPORT, Ri 

JUL 1-6, 2007 

SYOT) CHATTOPADHYAYA, CHAIR, 
\VARSHA GANDHI, VICE CHAIR. 


‘+ Novel Mechanism-Based Inactivators, 
(WoAnne Stubbe / Tomas Citar / 
(David B. Otsen) 

+ DNAIRNA Chemistry 
(Kevin Weeks / Marv Caruthers / Zhen Xi) 

‘+ RNA Targeting & Delivery 
(Mano Mancharan / Alan Gewintz | 


(Gesper Wenge! / Riad Agbaia) 
+ DNARepair 
(Jacqueline Barton / Thomas Care) 
‘+ DNAIRNA Interactions 
(Erk Kool/ Pet Herdiwin) 
‘+ Functional oligos 
(Naoki Sugimoto / Chad Mickin) 


‘OCULOMOTOR SYSTEM BIOLOGY 
BATES COLLEGE 

LEWISTON, ME 

JUL8-13, 2007 

NEERAJ GANDHI & 

JENNIFER GROH, CO-CHAIRS 
KATHLEEN CULLEN & 

PAUL MAY, CO-VICE CHAIRS 


Keynote Talk 1: The Eyes Have It- Action 
‘Chunking and Oculomotor Control 

(Ann Graypiel) 

‘Keynote Talk 2: The Primate Oculomotor 
‘System - A Window Onto Value-Based 
Decision Making 

(Wiliam Newsome) 

‘Action in the Oculomotor Periphery 
(Paul May | Francisco Andrade / 

Roland Blumer / Michael Goldberg / 

‘Angel Pastor) 

EyedHead Coordination 

(Laurent Gotfart /Kikuro Fukushima / 
Danie! Gulton / Paul May / David Watzman) 
‘Motor Preparation 

(Neora| Gandhi / Brian Cornell / 

‘Jacqueline Gott’ / Trin Moore / 

Kirk Thompson) 

‘Neuroethology - The Impact of Nature's 
‘Experiments on Oculomotor Systems 
(Robort Baker / Herwig Baler / 

‘David Dickman / Harvey Karton / Susan Udin) 
Predictive Eye Movements. 

(Douglas Munoz / Graham Bames / 
‘Stephen Heinen / Gian ODriscol / 

‘Mark Shehamer) 

‘Vestibular System Dynamics: From Cells 
to Circuits 

(Kathloon Cullon | Gay Holstein / 

Robert McCrea / Jennifer Raymond / 
ierre-Paul Vidal) 

Visuospatial Processing for Eye 
Movements 

(Micho! Goldberg Vivien Casagrande / 
‘Douglas Munoz / Marc Sommer / 

Robert Wurtz) 

Hot Topics 

(ennifor Groh / Speakers to be 

<dotermined from abstract submissions) 


ORGANIC REACTIONS & PROCESSES 
BRYANT UNIVERSITY 

‘SMITHFIELD, RI 

JUL 15.20, 2007 

JOS BRANDS, CHAIR, 

GREGORY COOK, VICE CHAIR 


‘Organometallics in Synthesis | 
(Christina Wnite/ Alexandre Alexakis / 
FRichimond Sarpong) 

‘Now Synthetic Methodology and Process 
Research | 

(loannis Houpis/ Jenner Albaneze-Walker / 
Rudy Broeck / Scot Nelson / Samir Zard) 
‘Asymmetric Catalysis | 

(Jetty Bode / Mathias Beller/ 

Eric Jacobsen / Ke Maruoka) 

Molecular Machines and Receptors 
(inquan Yu / Eric Ansiyn / Ben Feringa / 
David Leigh) 

‘Organometallics in Synthesis i 

(erry Murry | Amit Hoveyda / Jennifer Love) 
Now Synthetic Methodology and Process 
Research It 

(Meche! Coutourior/ 

‘Stephen Challenger / Martin Karpf/ 

sim Leighton / Detrich Steinhuebel) 


Celebrating our 75th Anniversary on the Frontiers of Science (1931-2006) 


‘+ Asymmetric Catalysis 
(Sheryl Wiskur | Erick Carreira! 
Jefirey Johnson / Matthew Gaunt / 
Benot Pugin) 

‘+ Natural Product Synthesis: 
(Elizabeth Jarvo | Timothy Jamison / 
Joseph Ready / John Wood) 


ORGANOMETALLIC CHEMISTRY 
‘SALVE REGINA UNIVERSITY 
NEWPORT, Ri 

JUL 8-13, 2007 

NORA RADU, CHAIR, 

ALAN GOLDMAN, VICE CHAIR, 


‘+ Kickoff Session: A Bipartisan Approach t 
Organometaltic Chemistry 
(Alan Goleman / Michael Heinekey / 

James Boncola) 

‘+ Now Ligand Platforms 
(Richard Broone / John Arnold | 
Philip Mountford/ Warren Piers 
Yutaka Matsuo) 

‘+ Now Reactivity and Transformations: 

8 &p Block Chemistry 
(Soley Kristansdottr} Christopher Reed / 
Carl Busacca / David Giveck) 

+ Asymmetric Catalysis. 

(Alon Algetor/ Bermadette Donovan-Merkert/ 
‘Amir Hoveyea / Patrick Walsh) 
‘+ Mechanistic and Theoretical 
(Richard Fishor/ Arka Vigalok / 
Mare Johnson / Odile Eisenstein) 
‘+ Now Reactivity and Transformations: 
Block Chemistry 
(Gory Casty/ Keistopher McNett / 
‘Alan Heyduk / Mikhail Barybin) 

‘+ Organometallics in Materials Chemistry 
(Don Taloy / Christina Okser/ Koth Hall / 
sian Burak) 

‘+ Applications in Organic Methodology and 
Pharmaceuticals 
(Watch Smith Alison Fronter/ Anil Guram / 
Pater Sadior) 

© Back to the Future 
(Tom Boker | Gerard Parkin / Dan Nocera) 


GRADUATE RESEARCH SEMINAR: 
‘ORGANOMETALLIC CHEMISTRY 

‘SALVE REGINA UNIVERSITY 

NEWPORT, RI 

JUL 6-8, 2007 

ELIZABETH MADER & NORA RADU, CO-CHAIRS 


‘Tho Gordon-Kenan Graduate Research 
‘Seminar on Organometallic Chemistry is a 
three-day Gordon Conforence-style meating 
‘exclusively for graduate students and postdoctoral 
{elows. Speakers will be chosen from among 

the attendees. The Organometallic Chemistry 
‘Gordon Research Conference wil take place at the 
‘same location, immediately following the Seminar. 


‘+ Frontiers in Organometallic Chemistry 
(Bomadette Donovan-Merkert | 
Christopher Cummins / Emilo Bune!) 

‘+ Organometallics in Organic Chemistry 
(Robert Bergman) 

‘+ Organometallics in Materials Chomistry 
and Biology 
(Gan Vandertende) 

‘+ Physical and Computational Methods 
(ennitor Love) 

‘+ Round Table Discussion: Career 
Opportunities for Organometallic 
Chemists 
(Elizabeth Mador Anthony England / 
‘Susan Kegley / Nora Radu) 


Marianna Cosarinsky /Ed Young) 

‘+ radiation Within the Solar System 
(Frank Podosek / Mini Waghwa/ 
‘Mathieu Gounatio) 

‘+ Evolution and Structure of Protoplanetary 
Disks 
(Suzan Edwards | Lynne Hilenbrand | 
Else Furlan / Sean Andrews) 


(Alan Boss / Davis Bennett / Sara Seager) 
‘+ Chemistry in Protoplanetary Disks and the 
Solar Nebula 
(Ted Bergin | Yuri Aikawa | Jim Lyons) 
‘+ Chondrule Formation 
(Rhian Jones ! Haroki Connolly Fred Ciesla) 


PHAGOCYTES: 
[BRYANT UNIVERSITY 
‘SMITHFIELD, RI 

‘JUN 10-15, 2007 

‘JOEL SWANSON, CHAIR 
LINDAMCPHAIL, VICE CHAR 


+ Keynote Lecture: Dynamics of NADPH 
‘Oxidase Assembly 
(Mary Dinaver) 

‘+ Phagoeyte Dynamics in Vivo 
(John Curt! Jonathan Mathias / 
Mark Mitr) 

+ Chemotaxis 
(Phi Murry | Peter Dowrctes 
Diane Cox /Andrew Luster) 

+ Development and Differentiation 
(Uuichao! Hengariner / Aero Mantovani / 
Richard Lang/ Jay Kals) 

+ Phagocytosis 
(Ere Brown! CXflord Lowell 
Emmanuale Caron / Sergio Grinstoin / 
ya Stuart) 

+ Organole Tatficking 
(David Russet / Norma Andrews / 
Mark Marah /Gisou van dor Goot) 

+ Micrabicidal Chemistries 
(Wiars Nouseet Deborah Nelson / 
‘Gary Bokoch / Tony Kettle / Gregory Tayor) 

‘+ Innate and Specific Immunity 
(Alon Ezekowtz/ ra Melman / 
Dari! Portnoy / Ruslan Medzhitov) 

+ flammation 
(Uta Knaus Rober Kastlein 
Denise Monack Kate Fitzgerald / 
Masanon Aikawa) 

+ Atherosclerosis 
(Samo Sivorstoln | Stanley Hazen! 
Tracie Seiga/ Samuel Weight) 


PHOSPHORYLATION & G-PROTEIN MEDIATED 
UNIVERSITY OF NEW ENGLAND 

BIDDEFORD, ME 

JUN 10-15, 2007 

HENRIK DOHLMAN & 

JOANN TREJO, CO-CHAIRS 

4. SILVIO GUTKIND & 

JEAN WANG, CO-VICE CHAIRS 


+ Keynote Talk: Chemotactic Signaling 
(Peter Dewrectes) 
+ Opening Session: Systems-Level Analysis 
‘of Signaling 
(Rama Ranganathan /Alex Brown / 
Bryan Roth) 
+ G Protein Coupled Receptors 
(Mark Von Zastrow / Graeme Mitigan / 
‘Adriano Marchese / Nevin Lambert) 
+ Non-Receptor Exchange Factors 
{David Siderovski | Xavier Morin / 
FFengwol Yu / Kenneth Miler) 
+ G Proteins 
(Heidi Hamm | John Sondek / 
Catherine Berit / Alan Smrcka) 
+ RGS Proteins 
(Kendall Blumer Rick Neubly ! 
eter Chidiac / John Hepler / Marie Burns) 
+ G Protein Modifications 
(Maurine Linder / Anne Kenworthy / 
Robert Deschenes / Mark Philips) 
+ Effectors Linked to Small G Proteins 
(Silvio Gutkind / Ken Harden / 
WeivJen Tang / Jean Wang) 
+ Effectors and Signaling Networks 
(Pat Casey / Michael Koole / Fuyu Tamanol) 


PHOTOCHEMISTRY 
BRYANT UNIVERSITY 

‘SMITHFIELD, RI 

JUL8-13, 2007 

LINDA JOHNSTON, CHAIR 

BRUCE ARMITAGE & 

MICHAEL WASIELEWSKI, CO-VICE CHAIRS 


‘+ Fluorescence Based Biosensors 
(Nancy Greenbaum / Alan Waggoner) 

+ Materials 
(Rene Janssen / Gerald Meyor / 
Kirk Schanze) 

‘+ Mechanistic Organic Photochemistry 
(Nell Branda / Richard Givens / 
John Toscano) 

‘+ Photochemistry on the Nanoscale 
(Moungi Bawondi/ Daniel Falvey) 

+ Photoinduced Electron Transfer in 
Biomolecules, 
(Tetsuro Majima / Ana Moore) 

+ Single Molecule Spectroscopy 
(Sunney Xie) 

‘+ Supramolecular Photochemistry 
(Cornelia Bohne / Jochen Mattay / 
\V. Ramamurthy) 

+ Ultrafast Dynamics 
(Todd Martinez / Erk Nbbering / 
Albert Stolow) 


Celebrating our 75th Anniversary on the Frontiers of Science (1931-2006) 


PHYSICAL ORGANIC CHEMISTRY 
HOLDERNESS SCHOOL 
PLYMOUTH, NH 

‘JUN 24-29, 2007 

R. STANLEY BROWN, CHAIR 
PETER SCHREINER, VICE CHAIR 


‘+ Nanochemistry and Things That Move 
(Chis Easton / Ben Feringa / 

Tito Sealana / Glen Miler) 

‘+ Carbenes and Reactive Intermediates 
(Daniel O'Leary / Dina Merrer/ Wille Leigh / 
Holger Bettinger / James Jackson) 

‘+ Computational Chemistry and 
Applications 
(Tania Cordova | Amon Stanger | 
‘Shmaryahu Hoz /Uta Wille) 

‘+ Mechanistic Considerations in Synthesis 
(Kathloen Kilway / Cathieen Cruden / 
Marisa Koslowski / Douglas Klump / 

Carol Parish) 

‘+ Fullerenes / Aromatics: 

(Edward Clennan / Chery Stevenson / 
Luis Echegoyan / Graham Boswell) 

+ Enzyme Mechanisms and Mimics 
(ohn P. Richard /Jettey Keillor / 

‘Andrew Bennet / Nick Willams / 
Anatol Yatsimirsk)) 

+ Gas Phase Reactions 
(Richard Nagorsk / Jeehiun Lee / 

Veronica Bierbaum) 
‘+ Eclectic Organic Chemistry / 
Catalysis and Concepts 
(Robin Hicks / John Baldwin / 
‘Tyler McQuade / Bart Kahr / Colin Nuckolls) 

‘+ Poster Session Talks 
(Potor R. Schrwiner/ Speakers to be 
{dotermined from posters at Conference) 


PLANT METABOLIC ENGINEERING 
TILTON SCHOOL 

TILTON, NH 

JUL 15-20, 2007 

ERICH GROTEWOLD, CHAIR 

JOE CHAPPELL, VICE CHAIR. 


‘+ Metabolic Networks and Engineering: 
Before Plants 
(Roinhart A. Rosson / 
(Claudia Schmidt-Dannen / 
Christina D. Smoka) 

‘+ Organization and Evolution of Plant 
Motabolic Pathways 
(Thomas Mitcholl-Olds | Wolt 8. Frommer 
Mary Schuler / Thomas Vogt) 

‘+ Enzyme Plasticity: Friend or Foe in, 
Metabolic Engineering? 
(Anne Osbourn Reuben Peters / 
Birger L. Maller / Natala Dudarova) 

‘+ Regulatory Factors for Metabolic 
Engineering 
(Noa! Guttorson | Kazuki Saito / 
Bort van de Zaal / Masaru Takag)) 

‘+ Transport and Sequestration of Plant 
Chemicals 
(Natasha Raikhel/ Philp Rea / 
Cvistoph Benning) 

‘+ Harvesting Energy and Bioconversion 
(Sharlone Weatherwax Don Ort! 
‘Alison Smith / Babel Hahn-Hagerdal) 

‘+ Engineering Complex Agronomic Traits 
(Andrew Hanson | Doug Cook / 
Francoise Vedelo) 

‘+ Plant Metabolic Engineering for the 
Developing World 
(Maarten J. Chrispeels | Mary Lou Guerin / 
Glaucia Souza / Victor Loyola-Vargas / 
Richard Sayre) 


Window to the Future 
(Dik Inze | Jian-Kang Zhu / Mike Tyers) 


TLTON, NH 
JUL 13.15, 2007 

{OE CHAPPELL, ERICH GROTEWOLD & 
ELEANORE WURTZEL. CO-CHAIRS 


The Gordon-Kenan Graduate Research 
‘Seminar on Plant Metabolic Engineering is 
‘atwo-day Gordon Conference-siyle meeting 
‘exctsvely or graduate students and postdoctoral 
fellows. Speakers wit be chosen trom among the 
‘attendees. The Plant Metabolic Engineering 
‘Gorton Research Conference wil take place atthe 
‘Same location, immediately folowing the Seminar. 


POLYAMINES 
WATERVILLE VALLEY RESORT 
WATERVILLE VALLEY, NH 

{JUN 17-22, 2007 

LEENA ALHONEN & 

MARGARET PHILLIPS, CO-CHAIRS 
'SENYA MATSUFULI & 

PATRICK WOSTER, CO-VICE CHARS 


Diversity of Polyamine Function 
(Phil Cofino | Alan Fairiamb / 

Kazuel Igarashi) 
Biosynthetic Pathways and Transport 
(Patrick Wostor/ Sonya Matsutyf/ 
Miguel Angol Medina /Ted Sybertz/ 
‘Signid Roborts / Otto Phanstol IV) 
Catabolic 

(Bob Casero / Stove Ealick / Kam Kim / 
Maria Bewiey) 

‘Systems Biology 

(Koiko Kashvwag!/ Olver Flohn / 

‘Tony Michael / Berjamin Tu / Dave Morris) 
Post-Translational Regulation 
(Myung Park John Atkins / 

(Ursula Mangold / Kuang Yu Chen) 
Signalling 

(Stina Ordosson / Susan Gimour / 

Usa Shantz / Keith Wilson / 

‘Tomonobu Kusano) 

Bacterial Pathogenesis 
(Anthony Pogg / Paul Wiliams / 

Phil Rather / Mott Mulvey) 

Mammalian Pathogenesis, 

(Gone Gemor! Erkki Hots / Cart Porter / 
Juhani Janne / Laurence Marton) 
Keynote: Clinical Applications, 

(igo! Yarltt/ Cy Bacchi) 


GRADUATE RESEARCH SEMINAR: 
POLYAMINES 

WATERVILLE VALLEY RESORT 
WATERVILLE VALLEY, NH 

JUN 15-17, 2007 


‘on Polyamines isa three-day Gorton Conference- 
style meeting exclusively or graduate students and 
‘postdoctoral fellows. Speakers willbe chosen fom 
‘amang the attendees. The Polyamines Gordon 
Research Conference wil take place at the same 
location, immediately folowing the Seminar. 


POLYMER COLLOIDS: 
TILTON SCHOOL, 

TILTON, NH 

JUN 24-29, 2007 

‘ALEX VANHERK, CHAIR 
WOLF-DIETER HERGETH, VICE CHAIR 


‘+ Controlted Radical Polymerization / Metal 
Catalyzed Polymerization Applied in 


Patrick Lacroix-Desmazes / Jerome Claverie) 

‘+ Fundamentals in Emulsion Polymerization 
(Pete Lovo Rajan Venkatesh / 

‘Bob Gilbert / Kiaus Tauer) 

‘+ Deliberate and Unwanted 
(Hetero}coagulation 
(Tim MeKenna) 

+ Colloidal interactions 
(David Were / Jan Spitzer/ 

‘Marten Cohen Stuart) 

+ Colloidal Microgels 
(Todd Hoare / Kazunar Akiyosh)) 

+ Polymericsnorganic Nanocomposites 
(Blodie Bourgoat-Lami / Stefan Bon / 
Katharina Landfester/ Brian Hawkett) 

‘+ Morphology of Latex Particles 
(Masayoshl Okubo / Don Sundberg) 

‘+ Special Topics in Emulsion Polymerization 
(Axel Moller / Loon Bromer) 

‘+ High Throughput Techniques in Emutsion 

n 


Polymerizatior 
(Rodisiav Potyraiio) 


GRADUATE RESEARCH SEMINAR: 
POLYMER COLLOIDS. 

PROCTOR ACADEMY 

ANDOVER, NH 

JUN 22-24, 2007 

\WOLF-DIETER HERGETH, NIELS SMEETS, 
FATIMA TORRES & 

‘ALEX VANHERK, CO-CHAIRS 


The Gordon-Kenan Graduate Research Seminar 
‘on Polymer Colloids is a three-day Gordon 
Conterance-siye meeting exclusively for gradual 
‘tions and postdoctoral etows, Speakers il 
chosen om among the atlendees. The Pelymar 
Colloids Gordon Research Conforence wi ake 
piace a Titon School n Tin, NH, immediatoly 
folowing te Seminar. 


POLYMERS (EAST) 

MOUNT HOLYOKE COLLEGE 
‘SOUTH HADLEY, MA 

JUN 17-22, 2007 

KAREN WOOLEY, CHAIR 
TIMOTHY LONG, VICE CHAIR 


+ Switching Systems 
(Dougiaas.Kisorow  Tenothy M. Swoger/ 
‘akash Kalo) 

+ Advanced Catalysis 
(Ere Fossum Alexandr D. Asandel/ 

Philp O. Histaa) 

+ Polymers for Biomedical Applications 
(Scat Michael Grayson 
‘Matthew L_ Becker / Jean-Christophe Leroux) 

+ Polymers for Biomedical Applications I 
(Thoresa M. Roinoke / David Mi, Haden / 
Laura L. Kiessiing) 

+ Hybrid 
(Patick RL Malonfnt/ Alex Adronov 
SennferN. Cha) 

+ Polymers in Nanomaterials 
(Rachel K ORodly Valerie Sheares Ashby / 
Robert &. Grutbs) 
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‘+ Functional Materials: 
(Eva M. Harth | Davia E. Bergbreiter/ 
‘Withelm Huck) 

‘+ Polymers for Advanced Materials, 
‘Applications: 

(Martin Hoeney | Douglas R. Robelo/ 
E. Bryan Coughlin) 

‘+ Novel Polymeric Structures | 
(avid L. Groen / Kenneth R. Carter/ 
Christopher W. Bielawski) 

‘+ Natural and Synthetic Self-Assembling 


Systems. 
. Paul Armistoad | Heather D. Maynard / 
Stuart J. Rowan) 

‘+ Novel Polymeric Structures It 
(Gerald 0, Brown | Andrew B. Lowe 
D. Tyler McQuade) 

+ Biological Mimics 
(Sarah L, Goh / Krist, Ansets / 
Marcus Weck) 

‘+ Development and Application of New 
Polymeric Reactions 
(Kathorino Aubrecht Alan E. Rowan / 
Krzysziot Matyjaszewski) 


PROTEIN TRANSPORT ACROSS 
‘CELL MEMBRANES 

Levoca 

LUCCA (BARGA), ITALY 

JUN 10-15, 2007 

CARLA KOEHLER & 

JUERGEN SOLL, CO-CHAIRS. 
‘TASSOS ECONOMOU & 

REID GILMORE, CO-VICE CHAIRS 


‘+ Import into Organeltos 
(Gunnar von Holo / Raiph Erdmann / 
Enrico Schleif / Walter Neupert/ 

Dennis Vootker) 

‘+ How to Pass through the Translocon 
(im Wnolan | Danny Schnell / 

Toshiya Endo/ Tassos Economou) 

‘+ Tho intermembrane Space 
(Nikolaus Pfannor Kal Hell / 

Kostas Tokatides / Agnioszka Chacinska) 

‘+ Trafficking in Atypical Systems. 

(Tony Pugsloy Trevor Lingow / 
Francolse Jacob-Dubuisson / 
Goottray McFadden) 

‘+ Molecular Basis of Disease Related to 
‘Trafficking 
(UL. Brodsky / Steve Claypoo! / 

Dan N. Hebert / Yukio Fujki) 

‘= Gotting to Translocons | 
(dda van der Kl / Ken Cline / Tracy Palmer ! 
anja Schuenemann) 

‘+ Gotting to Translocons it 
(Richard Wagner Atson Baker / 

Shou-ou Shan) 

‘+ Tho Eukaryotic Sec-Translocon: Different 
‘Approaches and Different Views 
(Roland Beckmann | Amol Driessen / 
lnm Sinning / Aft E. Johnson) 

‘+ Integration of Proteins into Membranes 
(Coln Robinson | Rosemary Stuart / 

Ross Dabbey / Tom Sithavy) 


Celebrating our 75th Anniversary on the Frontiers 


‘+ Keynote Talks: TBA, 
(Terrence Oas/ Jeffery W. Kelly/ 
Jacquelyn Fetrow | X. Sunney Xe) 

‘+ Protein Chemistry and Biophysics in Cells 
(Ula Girasch / Pavia Clarke / 
‘Jonatnan Weissman / James Bardwell / 
Philipp Selenko) 

‘= Motion and Function 
(Carol Post Wet Bahar / Dorothee Kern / 
Michele Vendruscolo) 

‘+ Disorder, Aggregation, Kinetic Stability, 
and Disease 
(Andrew Miranker | Witredo Colén / 

Ron Kopito/ Rohit Pappu / Roland Riek / 
Jose Sanchez-Ruz) 

‘+ Mombrane Proteins 
(Stephen Betz / Wiliam Clemons / 

Volkar Dotsch / Eduardo Perazo) 

‘+ Protein Networks and Complexes 
(Susan Baxter Tom Alber / Leste Pooke / 
James Bowie / Trey Weker) 

‘+ Modification, Stress and Targeting 
(Mary Munson | Brenda Schulman / 
‘Ursula Jakob / James Hurtey) 

‘+ Protein Design, Modeling and Prediction 
(Stophen Mayo / David Baker / 

Homme Holinga / Hak-Sung Kim) 


QUANTUM CONTROL OF LIGHT AND MATTER 
‘SALVE REGINAUNIVERSITY 

NEWPORT, Ri 

‘AUG 12.17, 2007 

PHILIP BUCKSBAUM 8. 

DAVID TANNOR, CO-CHAIRS: 

‘YARON SILBERBERG, VICE CHAR, 


‘+ New Trends in Quantum Control 
(Moshe Shapiro | Peter Zoliat) 

‘+ Learning and Chemical Control 
(Herschel Raber! Marcos Dantus ! 
Roseanne Sension / Michael Spanner) 

‘= Quantum Control and Quantum 
Information 
(Chvis Monroe / Mikhail Lukin) 

‘+ Quantum Control in Chemistry and 
Biology 
(Gustav Gerber / Graham Fleming / 
‘Shaul Mukamel/ Dwayne Miler) 


(Pierre Agostini Paul Corkum / 
Ken Schater / Johan Maurtsson) 

‘+ Quantum Control of New Physical 
Frontiers 
(Ronnie Kost Steen Giaser) 

‘+ Strong Field Quantum Controt 
(Matthias Wollenhaupt / Marc Vrakking 
‘Benjamin Sussman / Christoph Meier) 

‘+ Control of Many Electrons 
(Hardy Gross) 


RADIATION & CLIMATE 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUL 29-AUG 3, 2007 

WILLIAM COLLINS & 

PHILIP RUSSELL, CO-CHAIRS 
QIANG FU 

CHRISTIAN JAKOB, CO-VICE CHAIRS. 


‘+ Keynotes: Properties of Clouds from 
‘Multiple Sensors 
(Graeme Stephens / Robin Hogan) 

‘+ The Climatic Role of Mixed-Phase Clouds 
(Greg McFarguhar /Ann Frdiand | 
‘Alexol Korolev) 

‘+ Multi-Scale Models of Cloud Systems 
(David Randall / Chris Bretherton) 

+ Properties of Aerosols from Multiple 
Sensors 
(Gens Redemann / Oleg Dubovik / 
Brian Caims) 

‘+ Regional Aerosol Models: Simulation of 
‘Chemical Weather 
{Greg Carmichael / Jerome Fast) 

‘+ New Theory and Observations of Cloud! 
‘Aerosol interactions 
(Rob Wood / Bil Conant / Thanos Nenes) 

‘+ Challenges in Earth System Modeling 
(Peter Cox! Toshinko Takemura / 
Graham Feingold) 

‘+ Measurement and Modeling of the 
‘Changing Cryosphere 
(Timothy Garrett / Charles Zonder) 


RADICALS & RADICAL IONS 
IN CHEMISTRY & BIOLOGY 
HOLDERNESS SCHOOL 
PLYMOUTH, NH 

JUL 1-6, 2007 

JAMES TANKO, CHAIR: 
'ARMIDO STUDER, VICE CHAIR 


+ Radicals in Synthesis | 
(Thorsten Bach / Louis Fenstorbank / 


(Kezyaztot Matyjaszowsk’ 
Richard Weiss / Silas Blackstock) 

‘+ Radicals in Synthesis It 
(Mick Sherburn / Chaozhong Ui) 

‘+ Reaction Mechanisms and Kinetics | 
(oe Dinnocanzo / Kim Baines) 

‘+ Radicals, Radical lons, and Electron 
‘Transter in Biology 
(Mare Robert / Mare Greenberg / 
‘Michele McGult) 

‘+ Reaction Mechanisms and Kinetics I 
(Osvaldo Lanzalunga / Fran Cozens / 
‘Matt Piatz) 


‘SMALL INTEGRIN-BINDING PROTEINS, 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

AUG 5-10, 2007 

NEAL FEDARKO & 

CECILIA GIACHELLI, CO-CHAIRS 
MARC MCKEE & 

SUSAN RITTLING, CO-VICE CHAIRS 


+ Binding Consequences 


(Neal Fedarko/ Joanne Murphy-Uhkich / 
Elizabeth A. Komives) 


of Science (1931-2006) 


‘+ The SIBLING and CCN Families: The 
Inside Story 
(Jaro Sodok / Mari Shinohara / 
Maurice Ringuette/ Benaré Perbal) 

‘+ Genomic and Cis-Regulatory Analysis of 
SIBLING & CCN Genes 
(Stove Haris / Masaki Noda / 
Margarette Goppelte-Struebe) 

‘+ SIBLINGs and Cancer 
(Vincent Castronovo | Akela Bellahoene / 
‘Alon Allan / Susan Rating) 

+ Bioactive Fragments 
(Cocita Giachet! | Lucy Liaw | 
Dennis Ciegg/ Vaya Rao) 

‘+ CCNs and Cancer 
(David Brigstock /H. Philip Koetfer 
Mauhara Takigawa / Min-Liang Kuo/ 
‘Sushanta Banerjee) 

‘+ SIBLINGSICCNs & Normal Physiology 
(emry Fong / Susan Schiavi/ Emie Canalis) 

‘+ Inflammation and Other Hot Topics 
(David Denhardt/ Dennis Bruemmer / 
Lester Lau / Marta Scatena / Kathryn Wang) 


‘SOLID STATE CHEMISTRY I! 
MAGDALEN COLLEGE 
‘OXFORD, UNITED KINGDOM 
SEP 2-7, 2007 

EVGENY ANTIPOY, CHAIR 
MARTIN JANSEN, VICE CHAIR 


‘+ Matorials for Energy 
(Bomard Raveau Joachim Maier / 
Claude Deimas) 

‘+ Solids on the Nanoscale 
(Mercoun Kanatztis Jig U/ 
Malcolm Greon / Andreas Stain) 

‘+ Now Matorials for Heterogeneous 
Catalysis 
(Mique! Alario-Franco | Robert Shiogl/ 
Kenneth Poeppelmeier) 

‘+ Advanced Characterization 
(Gustaf Van Tendoloo / 

‘Juan Manuel Perez-Mato / Joke Hadermann) 

‘+ Molecular and Bio-Solids 
(Sorge/ Atfoshin / Elena Boldyreva / 
Marina Petrukhina) 

‘+ Framework and Cage Compounds 
(Andrei Shovelkov / Sven Lidin) 

‘+ Advances in Theory of Solids 
(Jur Grin | Miroslav Kohout) 

‘+ Now Horizons for Oxides 
(Potor Batvo / Martha Greenblatt / 
Patrick Woodward) 

‘+ Magnetic Materials 
(Paul Attotd Vital Pecharshy / 
‘Antoine Maignan) 

‘+ Spin Correlations in Solids 
(Frank Stagiich / Danii Khomak)) 

‘+ Fascinating Chemistry of Nitrides 
(Martin Janson | Rasiger Kriep / 
Frank DiSalvo) 


‘STAPHYLOCOCCAL DISEASES 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

‘SEP 27, 2007 

MATHIAS HERRMANN &. 

HARALD LABISCHINSKI, CO-CHAIRS 
KENNETH BAYLES & 

BARRY KREISWIRTH, CO-VICE CHAIRS 


‘+ Frontiers of Research in Staphylococci 
(Richard A Proctor Richard Novick / 
Gursharan S. Chnatwal) 


‘Animal Models, virulence, and Host 
Detense Evasion 
(Philppe Moceiton | Yok-Ai Que / 
Michael D. Menger / Frank D. Lowy) 


‘Staphylococcal Virulence Factors and 
Host Call Interaction 
(Magnus Hook Heiko Herwald / 
Dominique Missiakas / 

Triantatylos Chavakis) 

Immune Mechanisms in Staphylococcal 
Disease 

(dean C. Lee / Vitor Nizet/ Tammy Kielan / 
soos van Strip) 

‘System Biology of Staphylococc! 

(dod! Lindsay | Bice Fekien / 

Manhias Heinemann / Makoto Kuroda) 
Bacterial Physiology and Metabolism 
(Greg Somervie / Paul Witams / 
Friedrich Goetz / Donte Frees) 

Biofilm Growth of Staphylococci: 
Implications on Regulation and 
Metabolism 


(Dietrich Mack | Johannes Knobloch / 
Kimberly Joferson / George O'Toole) 
Controversies / Hot Topics 
(Georg Peters / Steven J. Projan) 


‘SEP 9-14, 2007 
MICHAEL CLARKE, CHAIR 
MAARTEN VAN LOHUIZEN, VICE CHAIR 


Koynote Talk: Understanding the 
Molecular Basis of Oncogenesis 
(Robert Weinberg) 
Understanding the Molecular Basis of 
‘Oncogenesis 

(Sturart Orkin / David Scaden / 

Phitp Beachy / hor Lemishica) 

Collular Hierarchy of Normal Blood and 
Leukemia Celis 

(leving L. Weissman /D. Gary Gilttand) 
Identification of SelRenewing Cells in 
Solid Organs 

(Connie Eaves / Jane Visvader/ 

‘Nobuko Uchida / Ronald Dephinno) 
Identification of Cancer Stem Cells in 
‘Leukomia and Brain Tumors 

(Giulo Draetia / Peter Dirks / Jeremy Rich) 
‘Stromal Cell Interactions with Self 
Renewing Cancer Cells 

(Mina Bissol | Patrick Brown / Stephon Weiss) 
Late Breaking Abstracts 
(Fredereick W. At) 
‘Therapies Against Cancer Stem Cells 4 
(Napoleone Ferrara / Charles Sawyer / 
‘A. Thomas Look / Craig Jordan) 
‘Therapies Against Cancer Stem Cells 2 
(Barbara Weber / Timothy Hoey / 
Cationa Jamieson) 


‘STRESS PROTEINS IN GROWTH, 
DEVELOPMENT & DISEASE 
MAGDALEN COLLEGE 

‘OXFORD, UNITED KINGDOM 
AUG 19-28, 2007 

PETER WALTER, CHAIR 

[BERND BUKAU, VICE CHAIR 


‘Keynote Talk: Protein Misfolding in Stress, 
‘Aging, and Neurodegenerative Disease 


Longevity 

(Cynthia Kenyon / Lenny Guarente / 
‘Thomas Nystm) 

Cell Biology and Mechanism 

(Yoshinori Ohsumi / Sebastian Bemales / 
self Brodsky / Adi Kimchi / Kazuhiro Nagata) 
Immunity, Infection and Cancer 

(Laut Glimcher / Hidde Ploegh / 

‘Chris Nicchitta/ Ana Marie Cuervo) 
‘Metabolic and Nutritional Stress. 

{David Ron / Kaveh Ashraf / Benjamin Tu) 
‘Oxidative and Metal-Catalyzed Damage 
(Ursula Jakob / Sabeeha Merchant / 
Dennis Thiele) 

Protein Conformation Diseases 

(Susan Lindquist Adriano Aguzz! / 

oft Kelly / Jonathan Weissman) 

Role of Stress Proteins 

(Judith Frydman / Exzabeth Craig / 

Kevin Morano /Elzaboth Vieting) 

‘Stross Sensing and Response 

(Lea Sistonen / Carol Gross / Jon Lis / 
‘Jason Brickner / Hana El Samad) 


‘STRUCTURAL, FUNCTIONAL & 
EVOLUTIONARY GENOMICS. 

WELLCOME TRUST CONFERENCE CENTRE 
HINXTON, CAMBRIDGE, UNITED KINGDOM 
JUL 29-AUG 3, 2007 

EUGENE KOONIN, CHAIR 

JOEL BADER, VICE CHAIR, 


‘Structural, Functional and Evolutionary 
Genomic 

(Eugene Koon | Joe! Bador) 

‘Keynote Talk 1: Evolution of Genome 


(Christine Orengo/ Rob Russel/ 
Jettrey Skoinick | Adam Godzick) 

Network Biology and Evolution 

(Sarah Toichmann | Hannah Margalt / 

Jose PereiraLeal Trey ldeker / Greg Wray) 
‘Clocks and Trees 

(Unde Bromham | Andrew Rambaut / 
Russell Gray / Phil Donaghue / Zihen Yang) 
‘Comparative Genomics of Gene 
Expression and Evolution of Non-Coding 
‘Sequences 

(Manolis Dermitzakis/ Gerton Lunter / 
‘Carlos Bustamante / Leonid Kruglyak / 
Greg Gibson) 

‘Major Evolutionary Transition: 
(Purticacion Lopez-Garcia | Willam Martin | 
4. Peter Gogarten / L Aravind / Franz Lang) 
Evolution, Blodiversity, and Motagenomics 
{Camita Nesbo / Forest Rohwer / 

Christa Schleper/ Steven Hallam / 

‘Oded Beja) 

Viruses, Mobile Elements and Cellular 
Evolution 

(Valerian Doja/ Jurgen Brosius / 

Roger Henedix) 
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‘+ Functional Genetic Screens 
(Andrew Fraser / Jussi Taipale / 


‘SUPERCONDUCTIVITY 
LES DIABLERETS CONFERENCE CENTER 
LES DIABLERETS, SWITZERLAND 

‘SEP 9-14, 2007 

NICOLE BONTEMPS, CHAIR 

FUCHUN ZHANG, VICE CHAIR 


+ BCS atthe Frontier 
(A. Leggett /M. Aiford  W. Ketterte /Y: Lee) 

‘+ Cold Atoms Merge with Condensed Matter 
(G. Strinat/T Esslinger /R. Hulet/ 
©. Salomon) 

‘+ Clues for Long Standing Problems: 
Mechanism of Superconducivity, 
Pseudogap, Coexisting/Competing States 
(G. Doutschor/K.A. Miller /A Yazdani) 

‘+ Two Energy Scales in the 
‘Superconducting State of Cuprates 
(H, Tokagi/ J.C, Davis |X. Shen) 

‘+ Theory of Strong Correlations in 
the Hubbard Model: Application to 
‘Superconductors (Cuprates, Organics) 
(A. Goorges /K. Haule /T. Maier/ 

‘AM. Tromblay) 

‘+ Unconventional Superconductivity, 
Magnetism, Quantum Criticalty in Heavy 
Fermions 
(M. Sis L. Groene / C. Pépin / 
©. Stockert /H.Q. Yuan) 

‘+ Nowly Discovered Superconductors, 
Conventional Superconductivity? 

(H. Alu! 2. Hiol / M. Ortolani/ §. Saxena) 

‘+ Superconductivity in Confined Geometry 
(H. Bouchiat / JIM. Triscone) 

‘+ Latest Developments and Now Prospects 
(0. Van Dor Mavol/K. Kitazawa) 


‘THIN FILM & CRYSTAL GROWTH MECHANISMS 
MOUNT HOLYOKE COLLEGE 

‘SOUTH HADLEY, MA 

‘JUN 24-29, 2007 

PETER VEKILOV, CHAIR 

JONAH ERLEBACHER, VICE CHAIR 


‘+ Fundamentals, 
(Potor Vokiov / Elian Wiliams | 
‘Alexander Chernov) 

‘+ Biomineralization 
(Chistine Ome | Joanna Aizenberg ! 
James DeYoreo) 

‘+ Protein Crystallization 
(Naomi Chayen /Katsvuo Teukamoto / 
Jonathan Doye) 

‘+ Self-Assembly of Colloids 
(Paul Chaikin / Bartosz A Grzybowshi/ 
‘Alfons van Blaaderen) 

‘+ Nucleation Mechanisms 
(Games Lutsko / Anatoly Kolomeisky) 

‘+ Crystallization in Pharmacy and Medicine 
(Wichao! Dohorty / Brian Johnson / 

Lesie Leiserovite/ Ronald Nage!) 

‘+ Surface Morphology 
(kriston Fichthorn | Dionisios Margetis/ 
Vessalin Tonchev) 

‘+ Organic Layers 
(Weliesa Hines | Margret Gieson ) 

‘+ Thin Film Growth 
(onah Eriebacher Giovanni Constantin / 
ohn Venables) 


‘THREE DIMENSIONAL ELECTRON 
‘MicROSCOPY 

‘COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUN 24-28, 2007 

PHOEBE STEWART, CHAIR 

WERNER KUEHLBRANDT, VICE CHAIR 
‘STEPHEN FULLER, CHAIR ELECT FOR 2009 


‘+ Visualizing Biological Processes with 
3DEM 
(Phoebe Stewart / Tory Crowther/ 


(Womer Kueritranet / Bernard Heymann | 
‘Stephen Fuler) 

‘+ Technical Advances 
(Harald Rose / Jens Meter) 

‘+ Poster Presentations and Discussion i 
(Esthor Butt) 


‘TIME-DEPENDENT DENSITY-FUNCTIONAL 
‘THEORY 

‘COLBY COLLEGE 

WATERVILLE, ME 

JUL 15-20, 2007 

KIERON BURKE & 

‘CARSTEN ULLRICH, CO-CHAIRS 

ANGEL RUBIO, VICE CHAIR, 


‘+ Fundamentals of TODFT. 
(EKU. Gross / Giovanni Vignaie / 
‘Mota van Faassen) 

‘+ Photochemistry and Excited-Stato 
Dynamics 
(Mark Casida / Ghia Gall 
‘Annabella Seton / Serge! Tretiak) 

‘+ Optical Spectra of Materials: From 
Nanocrystals to Solids 
(Andreas Goering | James Chetkowsky / 
Luda Reining) 

‘+ Nonadiabatic Electron-lon Dynamics 
(Evert J. Baorends / Oleg Prezhdo / 
Ro Baer! Tehavear Todorov) 

‘+ Single-Molecule Transport 
(Harold Baranger/ Roberto Car | 
‘Stafan Kusth) 

‘+ Strong-Field Phenomena in Atoms and 
Molecules 
(Andre Bandrauk / Marites Loin / 
‘Thomas Brabec / Stephan Kuenmel) 

+ Now Functionals 
(Giovann’ Vignate / David Langreth / 
‘Andreas Goatting) 

‘+ Charge Transfer in Biomolecules 
(Nicola Marzar/Flipp Furche / 

‘Troy Van Voorhis /Neepa Maitra) 

‘+ New Computational Developments 
(Angel Rubio/ Stetano Baroni / 

Miguel Marques) 


‘TISSUE REPAIR & REGENERATION 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUN 17-22, 2007 

“JACK GAULDIE, CHAIR 

LUISA DIPIETRO, VICE CHAIR 


+ Models of Tissue Repair 
(dy Abraham | Paul Manin / Tom Mustoo) 
‘+ Gell Migration and Wound Closure 
(Fred Grinnel | Pierre Coulombe / 
Bil Parks / Liz Fini Fred Grinnell) 
‘+ Angiogenesis, Lymphanglogenesis and 
Neurogenesis 
(Jet Davidson / Nancy Bousreau / 
Holger Gerhardt / Kar Altalo / 
‘Shahin Rafi / Lamy Benowtz) 
+ Inflammation/Stress Molecular Triggers 
(Luisa DiPietro | Chanden Sen / 
‘Hynda Kleinman / Walter Wahl 
‘Hannu Larjava) 


Regeneration 

(Maria Sita / Eten Heber-Katz/ 

Pascale Dufourea) 

+ Growth Factors in Repair 
(Kathy Flanders / Sabine Werner / 

‘Gary Grotendorst/ Jett Hubbell / 
Ping Wei/ Lilian Nanney) 

‘+ Scarring and Regeneration 
(Alain Mauviel! David Warburton / 

‘Som Thorgersson / Erwin Boltinger / 
Paul Noble / Bob Stricter) 

+ Stem Cells and Regeneration/Repair 
(Rick Bucala/ Barry Stipp / Dianne Krause / 
Eric Nelson / George Cotsarel) 

+ Bioengineering 

(Moly Stolchet Anthony Atala / 

‘Maly Shoichel) 


‘TOXICOGENOMICS 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

JUN 24-29, 2007 

CINDY AFSHARI 8 

CHRISTOPHER BRADFIELD, CO-CHAIRS. 
MARTYN SMITH & 

CRAIG THOMAS, CO-VICE CHAIRS 


‘+ Keynote Session: Texicogenomics -A 
‘Too! to Probe Disease and Mechanisms of 
Toxicity 

‘+ Impact of Genomics in Respiratory 
Toxicology 

+ Kidney Disease and Nephrotoxicity 
Biomarkers 

+ Network Analysis and integration 

+ Vascular Toxicity, Network Biology and 
Biomarkers 

‘+ Hepatotoxicity and Genomics Exploration 

‘+ Human Susceptibility and Population 
Analysis 

+ Epigenetic Toxicology 

+ Predictive Toxicology: Applications and 
Perspective 
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‘TUBERCULOSIS DRUG DEVELOPMENT 
MMAGDALEN COLLEGE. 

‘OXFORD, UNITED KINGDOM 

‘AUG 26.31, 2007 

‘VALERIE MIZRAHI, CHAIR 

ERIC RUBIN & 

BALA SUBRAMANIAN, CO-VICE CHAIRS 


‘+ Strategies for the Development and. 
Deployment of New Antibiotics 
(Valerio Mizrahi | Christopher Walsh / 
Paul Farmer / Nulda Beyers) 
‘+ Lessons from the Broad Spectrum Area 
(Bala Subramanian | Trevor Trust / 
Steve Projan / Richard Lee) 
‘+ Scientific Issues in Early Clinical 
Development 
(Ci Bary / David Mcteeley | 
Gerry Davies / Anne Lenaerts) 
+ Now Target Areas. 
(Harvey Rubin / Peter Tonge ! Cindy Dowd) 
‘+ Environmental Responses and Drug 
Tolerance 
(David Sherman | Bruce Levin | Kavin Pete) 
‘+ Targeting Macromolecular Synthesis and 
Tumover 
(Thomas Dick | Catt Nathan / 
Rajesh Gokhale / Thomas Keller) 
‘+ Regulation and Metabolism 
(Tom Alvor/ Jim Sacchettini/ 
Holena Boshot) 
+ Now Technologies 
(Erle Rubin | John Overington / 
Cis Abell/ Sarah Fortune / Tanya Parish) 
‘+ Gotting Drugs to their Targets 
(Kon Duncan / Paul Tulkens / 
George Drusano / Chis Lipinski) 


VIRUSES & CELLS 
TILTON SCHOOL 

TILTON, NH 

JUN 3-8, 2007 

DIANE GRIFFIN, CHAIR, 

ROZANNE SANDRI-GOLDIN, VICE CHAIR 


‘+ Entry and Receptors 
(otf Borgotson / Bernard Moss / 

Flix Rey / Terence Dermody / 
Katya Haldweln / Roselyn Eisenberg) 

‘+ RNA Virus Translation, Transcription and, 
Replication 
(Rat Bartonschlagor! Doug Lyfes / 

Andrea Brmarnik/ Ann Paimonberg / 
Didior Poncet / Sean Wholan) 

‘+ DNA Virus Transcription, Translation and. 
Replication 
(Jan Mohr Deborah Spector! 

Matthew Woitzman / Sandra Wellor / 
Blossom Damania / Robert Kala) 

‘+ Dynamics of intracellular Trafficking 
(Karta Kirkegaard | Xiaowei Zhuang / 

Urs Greber / Gregory Smith / Michael Way) 

‘+ Special Lecture: 50th Anniversary of the 
Discovery of Interferon 
(Otto Haller) 

‘+ Gollular Response to Infection and Virus 
Counter Response 
(Otto Har / Jot Hiscott | 
Takashi Fujita / Frank Chisari/ 

‘Adolfo Garcia Sastre / Marco Colonna) 

‘+ Collular inhibition of Virus Replication and 
Virus Countermeasures: 

(Michelle Barry / Ganes Sen / 
‘Shou-Wei Ding / Richard Randal / 
Joseph Sodrosh / Karen Mossman) 

‘+ Assembly, Budding and Release 
(Gabriela Campadell-Fiume | Joo! Baines / 
‘Anolte Schneemann / Alasdair Stoven / 
Caron Carter / Venigalio Rao) 


Immune Response and Pathogenesis. 
(Kim Hasenirug | Skip Vigin | Troy Randal/ 
Daniel Douek / Michaeta Muller-Trutwin/ 
Kathy Spincter) 

Evolution, Epidemiology, Prevention and 
Therapy 

(Andrew Davison | Francine McCutchan | 
Eddie Holmes / Mark Young / 

‘Claude Fauquet / Richard Whitey) 


VISUALIZATION IN SCIENCE & EDUCATION 
BRYANT UNIVERSITY 

‘SMITHFIELD, RI 

JUL 1-6, 2007 

ROY TASKER & 

‘CHRISTOPHER WATTERS, CO-CHAIRS 
'SHAARON AINSWORTH & 

ARTHUR OLSON, CO-VICE CHAIRS 


Interpreting Visual Data with Dificuky 
(Gartanderson | Enc Seem) 

Creating Visualizations of Biological 
Complexty 

(Bndrew Hanson / Davi Goods / 
Granam Jonrson) 

Issues in Visualizing Chemical Concepts 
(Wienao Stet” Kart Hasan) 
Visualizing Physical Prenomena using 
Interactive Mecha 

(Chandra Bajaj Gabriela Weaver 

Pb Morals) 

Muntidisciplinary Approaches to 
Visualization n Science Edveaton 
(Mary Shut Jony Honts 

bast Vaionary Grant sper) 

Etfectve Data Presentation for Museum 
‘Audiences and informal Leming 
(Gonna Cox Ka Chun Yu 

Marin Strksiok) 

Improving Public Understanding of 
Sclance Through Visualization: A Panel 
Discussion 


(Tim Spangler / Kim Kastens / Janice Gober) 
Visual Problem SoWving 
(Peter Atkins) 


VITAMIN B., & CORPHINS, 
UNIVERSITY OF NEW ENGLAND 
BIDDEFORD, ME 

JUL 1-6, 2007 

WILFRED VAN DER DONK, CHAIR, 
[BERNHARD KRAEUTLER, VICE CHAIR 


Now Developments in Mechanism and 
‘Structure 
(Bomhard Kréutier| Bemard Golding ! 
‘Michael Wiener) 

Medical Aspects of B., 

(Soran Moestrup / Bian Fowler | 

‘Mette Madsen / Joshua Miler / 

David Rosenblatt) 
‘Spectroscopy and Theory 

(Thomas Brunoié / Roseanne Sension / 
‘David Smith) 
Mechanisms of B.,-dependent Enzymes 
(Rowena Matthows / Cathy Drennan/ 
‘Ruma Banerjee / Tom Bobi / 


(Rolf Thavor| Evert Duin 
‘Stephen Ragsdale / Marc Zimmer) 


‘+ Biosynthesis and Uptake 
(Tetsuo Toraya / Alison Smith / 
‘Michi Taga / Martin Warren) 

+ B,, in Human Heaith 
(Reaiph Green / Andrew MeCaddon / 
‘Charles Grissom / Rima Obeid) 

+ Model Systems 
(Ken Brown | Rudi van Eidk / Kris MeN / 
Roger Alberto) 

‘+ Perspectives and Prospects 
(Wired van der Donk / John Roth / 
Ebba Nexo) 


X-RAY PHYSICS. 
COLBY-SAWYER COLLEGE 

NEW LONDON, NH 

AUG 5-10, 2007 

KENNETH FINKELSTEIN, CHAIR 
JUNICHIRO MIZUKI, VICE CHAIR 


+ Sclonce Frontiers Using New X-Ray 
Sources 
(H.Dosch /T. Ishikawa / LR. Schneider) 
‘+ Ultra-Short Pulse X-Ray Science 
(0. Rois /A. Cavalieri / 0. Vileneuve / 
H. Chapman) 
‘+ Frontier Applications for Soft X Rays, 
(P.Abbamonto / George Sawatzky / 
C. Schiler-Langeheine) 
+ Coherence and Phase Imaging 
(Q. Shon /F. Peiter/P. Fonter/M. Giglio) 
+ New and Novel X-Ray Scattering 
(J. Goulon /W. Bailey !T. Arima) 
‘+ Materials Science with Nano-Scale Beams 
(0. Bilderbock A. Macrander/ 
'M. Mehtahon /¥.Terada) 
+ Hot Topics 
(8. Gruner /A. Bosak /Y. Shvyd'ko) 
+ X-Rays in Medicine, Life, and 
Environmental Sciences: 
{A Bravin |¥Sasabi/ 2. Znong /K. Boyce) 


visit the frontiers of science: 


www.grc.org 
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POSITIC N 


ASSISTANT/ASSOCIATE PROFESSOR, 
Gene Therapy Program, Louisiana State Univer” 
sity Health Sciences Center. The Gene Thempy 
Program at the Louisiana State University Health 
Sciences Center (LSUHSC) in New Orleans, Loui 
sana, inte aplication, fora tenure rack uty 
position at the level of Aswociate Profesor 
Sete Poko. Applicants mest hald a PhD, sad 
for an M.D. degree. The position would suit an ind 
‘ixiual with interest in gene delivery and/or vaccina 
tion for mexdulation oF prophylasis of infectous or 
neoplastic disease, areas of current strength within 
the Program, We are particularly interested in can 
alates who hive demonstrated transabenal research 
capacity, and intramural funding & avaiable to sup. 
part developmental and ongomg trandational sues 
Current external funding held by Program members 
‘exceeds $23 million, mostly from the National In 
tutes of Health, and includes federal and state POL 
awands. The Program was founded in 2000 and is 
partnered with Tulane University Health Sciences Cen 
ter and LSU-Shrevepor in the state-funded L 
ana Gene Therapy Research Consortium (LGTRC) 
The Program is located in the new Clinical Scinces 
Research Building at LSUHSC in space adjacent tothe 
Stanley Scott Cancer Center. The Program currently 
has seven ficulty members, several adjunct faculty, 
funds three state-oftheant core filities in mor 
phology and imaggng, microarray and bio-informatics 
and vector development, and oversces a BSL-3 fal 
ity. State-of-the-art_immunology and protcom 
‘cores have aso been developed at LSUHSC:. Throw 
the LGTRC, we will have direct access to wet labora 
tory space in the New Orleans Biolnoovation Center 
and a good manufacturing practice facility currently 
lunder construction that will f ¢ develop: 
al tials arising from Program research, 


De. Alistair Ramsay, Program Director 
at email: daure@lsuhscedu. LSUHSC i av Lipa 
OpponmeyAirsive Asin Employ 


ENDOWED CHAIR jin the BIOCHEMICAL 
‘SCIENCES. 
Department of Chemistry 
University of Missouri-Rolla 

Distinguished scientists are encouraged to apply 
for the Richard K. Vitek/Foundation tor Chemical 
Resesarch (PCR) Endowed Chair in Biochemistry, 
including the areas of bioorgank, biophysical, or 
bomatcrials chemistry at the Unnersty of Mfisouri 
Rolls (UMR). The new position carries a very gem 
‘crous endowment, which can be used in part t0 
support the research of the Chair. The Richard K. 
Vitek/FCR Endowed Chair in Biochemistry will 
provide important leadership for UMR's targeted 
Browth in the bioscicnces. A new biosciences build: 
ing has been established by the state of Missouri 
asthe neat capital impronement project for higher 

The successful candidate should have a Doctorate 
Jn chemistry, biochemistry, or a related fickd, and 
have an outstanding intemational reputation and 
publication record, and a substantial record of ex: 
{ramaral funding. This scarch has been extended and 
review of applications ‘will resume on March 15, 
2007, and continue until the position i filed. For 
further information, we encourage you to visit oUF 
website: http://chem-umr.edu or contact Profes- 
sor Jay A. Switver at e-mail: jewitzer@ume.edu, 

Pleze submit curnicukio vitae and short summa 
rics of past rescarch accomplishments and future 
research directions to: Human Resource Services, 
Reference Number: 00033199, University of 
Missouri-Rolla, 1870 Miner Circle, Rolla, MO 
65409-1050. 

UMR is an Affimative Aaion/Equal Employment 
Employer, Woon, minor, and psoas wth dialer 
sre enenaged apply. 


POSITION 
Www Wars.usda.gov 
AGRICULTURAL RESEARCH SERVICE 
‘Website: hntp://wwwars.usda.gov 
United States Department of Agriculture, Ag: 
ricultural Research Service (ARS), Beneficial In- 
sect Introductions Research Laboratory in Newark, 
Delaware, seeks a full-time, permanent RESEARCH 
ENTOMOLOGIST (GS.12/13/14) to work on 
biological control of emerald ash borer and other 
invadve insect species, Ph.D, in entomology or other 
biological science with strong emphasis on ecology is 
preferred. Requires training or experience in design 
And conduct of field experiments on spatial and 
{temporal population dynamics of insects and. theit 
natural enemies, as well as mathematical modeling. 
and statistical analysis of resulting data, Annual salary 
is $66,914 to $122,235 plus benefits. Application 
procedures and qualifications for the position are 
available at website: hetp: sajobs.com. Ar 
‘houncement number ARS X7E-0084. If you nee 
printed copy mailed please call telephone: 302-731- 
7330, ext. 222. US. citizenship is remired. Applica 
tons must be received by March 23, 2007, ARS isa 
Equal Opporenity Eimployer and Prove, 


OPE 


‘Agricultural 


racouryronioy 
‘Temple University School of Medicine 
Seeman 
versity School of Medicine webu na 
sr Sena ae aL 
Extrally funded rescarch pogzam tha cat 
sehen accion 
ieee se, ga 
Dr. Joanne Orth, Senior Associate Dean for 
a as 
Office of Faculty Affairs 
‘Temple University School of Medicine 
centered sar 
Si 


FACULTY POSITIONS 
Al Areas of Life Science 
National Central University, Taiwan 

‘The Department of Life Science at National Cen: 
tml University, Taiwan, is seeking applications for 
Faculty Positions at ll rinks. Candidates must have a 
Ph.D. degree in life scienoes-related fields and two oF 
more years of postdoctoral or equivalent research 
experience. To guarantce full consideration, candi 
ddstes should submit applications by Apel 15, 2007, 
‘To apply, submit a letter of intent, curriculum vitae 
with publication lists, reprints of representative pub 
Tications (one to three), brief teaching and research 
plans, and have thrce levers of recommendation sent 
to: Recruitment Committee, De tof Life 
‘Science, National Central University, 300 Jhong- 
Da Road, Jhong-Li, Taiwan. E-mail slej@ncuedu 
tw, fax: 886-3-4228482, The search will remain 
‘open undl the position is filled, 
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FOREIGN FACULTY 
FACE CHALLENGES 


Many foreign-born scientists have made the United States their home be- 
cause the country provides some of the best training and career opportunities 
worldwide. But life as a foreign scientist is not without its challenges. By Laura 
Bonetta 


hortly after joining William Earnshaw’s lab at Johns Hopkins School 
of Medicine in 1991, Russian-born Yuri Lazebnik attended a 
seminar, Although he did not know the speaker, he could tell 
from everyone's anticipation of the talk that he was a famous 

scientist. As the seminar started, Lazebnik discovered the speaker 

had a heavy foreign accent. “I looked at everyone around me and a 

realized at that moment that if you have something to say and can be o 

Understood, R does ot attr were you cme one reca La 

Lazebnik, now a professor at the Cold Spring Harbor Laboratory in Long 

Island, New York, is one of many foreign-born scientists who emigrated to the United 

States for their postdoctoral training and decided to stay in the country. The proportion 

of postdoctoral scholars on temporary visas increased from 37.4 percent in 1982 to 

58.8 percent in 2002, outnumbering U.S. citizens and permanent residents. Although 

many foreign postdocs return to their home countries to land academic positions, many 

‘others choose to remain. A survey by the scientific society Sigma Xi (Research Triangle 

Park, North Carolina) found that the United States was the most attractive place to 

settle for postdoctoral scholars ofall nationalities, regardless of where they earned their 

Ph.0.s. And the fondness is mutual. A recent report on foreign scholars published by the 

National Academies of Science (NAS) concluded that, in order to maintain its dominance 

in science and technology, the United States should continue to recruit the best and 

brightest international students. 

But this does not mean that being a foreign-born scientist in the United States is 

without challenges. Some of the difficulties are obvious. Immigration red tape, especially 

inthe post 9/11 climate, makes it more difficult for foreign postdocs to find permanent 

employment in the United States and to travel internationally. Other challenges are not 

1a clearly defined. The Sigma Xi survey found that although international and domestic 


academic postdoctoral scholars expressed similar satisfaction with ther training 66 if you have something to say 
experience, temporary residents had more limited access to funding sources and to 

‘employment opportunities. In addition, the stipends of temporary residents were about and can be understood, it does not 
7 percent less than those of citizens. Other studies show that the length of postdoctoral 

appointments tends to be slightly longer for noneitizens, “maybe because they do matter where you come from. 29 


not navigate the system as well,” says Chiara Gamberi, vice chair of the International 
Committee of the National Postdoctoral Association. “We don't have enough data to 
know what the effects are.” Without a doubt, language barriers, cultural differences, 
‘and distance from family and loved ones make the lives of foreigners, in any type of 
work, more challenging, 


Immigration Woes 
Alter the terrorist attacks of September 11, 2001, the U.S. government introduced a { UPCOMING FEATURES 
number of new policies and procedures aimed at increasing security inits visa processing 
system. As a result, almost all visa applicants have to appear for a personal interview at 
the nearest U.S. consulate, sometimes waiting up to four months to get an appointment. 
Sometimes applications undergo a second review by the U.S. Department of State in| Careers for Postdoc Scientists: Transeferable Careers — April 20 
Washington, D.C. A security review process known as Visas Mantis, CONTINUED ® 


International Careers Report: Science in Europe — March 2 


Careers in Cancer Research — Aprilé 


areers.org 695 
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FACULTY POSITIONS 
BREAST CANCER RESEARCH 


The Medical College of Wisconsin invites nominations and applications for faculty positions at all levels (Assistant, Associate or Full 


Professor) to study signal t 


nechanisms involved in cancer. The positions are part of the College's 


expansion of basic cancer rescarch to complement our state-of-the-art clinical cancer care. Competitive development packags 


able for these position 


an endowed chair in Breast Cancer Rescarch for an established investigator. The successful candidates 


will obtain a primary appointment in a basic research department and membership in the Cancer Center 


The Medical College of Wisconsin (www.mewsedu) is the 


¢ research institution in Wisconsin, conducti 


over $130 million 


annually in funded research. Over the past several years the College has been among the fastest growing medical schools in the United 


States in terms of NII funding. In addition to a strong core of basic biomedical science departments, the Medical Coll 


is home to 
somies, imaging, molecular 


trometry, electron microscopy, X-ray crystallography and NMR. The research, 
thropic support from cancer survivors, family members, and patient advocates 
neer care facilities, including a Cancer Pavilion and a Basic Research Building 


The Medical Coll 


is conveniently located in suburban Milwaukee and is part of a 


\demic medical center that includes nat 


distinguished children’s and adult hospitals that employ aver 13,000 people. The College is located 8 miles west of Lake Michiga 


easy access to surrounding communities, lakes, and parks. 


Salary and other considerations will be competitive and consistent with the Colle 
ech interests, and the names and contact information of three 
preferable electronically (PDF) to one of the following chairs at eancerseare! 


Applicants should provide curriculum vitae, statement of re 
Please submit application materia 


Robert Desehenes, Chai William Campbell, Chair 
oy Dept 


Dept of Biochemistry 
rdeschena mew.edu 
Wwww.new.edw biochemistry 


Dept of Pharma 


wbeampa mewedu 
wwwamew.edu/pharmtox 


e's commitment to recruiting the best-q 


Paula Traktman, Chi 
Microbiology/Molecular Genetics 
ptrakt@ mew.edu 

ww w.new.edumicrobiology 


EOE MEIDIV (wwwimewed/hr) 


Center for Biopreparedness and Infectious Disease 


Tenure Track Position: 
Microbial Pathogenesis and Host Response 

BA Candidates with advanced degrees (MD, PhD, 
MD/PhD) are invited to apply for a tenure-track 


MEDICAL Sipe mt nitecoeiieel [neipare bc 


JOLLEGE. ested inthe intraction of microbial pathogens with 
OF WISCONSIN | theic mammalian hosts are encouraged to respond, 
We are particularly interested in scientists whose research caters on the 
yechanismns by hich bacterial pathogens incrface with cellular functions 
and manipulate the innate or acquired immune response 


The Center for Biopreparedness and Infectious Disease (CBID) is part 
of campus wide initiatives to build research programs with relevane 
for the development of novel therapeutics and vaccines. Members of 
CBID and the Department of Microbiology and Molecular Genetics 
actively participate in the Great Lakes Regional Center of Excellence 
for Biodefense and Emerging Infectious Disease Research. The suc 
cessful applicant will join a highly interactive and collegial group of 
well-funded investigators and be expected to establish an independent 
carch program that includes participation in graduate and medical 
teaching. Competitive packages with salary support and start-up 

ewly constructed laboratory space and stat-of-the-art BSL3 and 

ABSL3 core facilities will be provided 


Applications will be considered as they arrive but must be received by 
March 18,2007, Applicants should submit curriculum vitae, statement 
of research interests and the names of thee references ee Cathi Kienast 
‘o: Dr. Dara W, Frank, Director, Center for Biopreparedness and 
Infectious Disease, Medical College of Wisconsin, 8701 Watertown, 
Plank Rd., Milwaukee, WI 

Iswww.mew.cdu/microbiology 


FEOAAUMEDV 


sep Me 


Cincinnati 


Chair, Department of Cell and Cancer Biology 


Biclogy. We sek anintcmationaly recognized academic leader witha strong 
track record of scientific accomplishments who camenkance current sirengths 
incell and cancer binlogy reser in the res of hormone de 
celleyele,envionmontlyindued cancer tumor suppressor, etonkeleton 
tnd signal transaction, Ths isan exceptional opportuni 
‘inion 1 ead and expand a prominent seadomic Feearch un 
The Department of Cell and Cancer Biology is home 1ofieen established 
cellcaneriologyresarchers ncingt member of the Nana Academy 
‘of Sciences. Total extramural grant holding the faculty place the Depart 
tment I1* among all US public medical schol Cell Biology departments 
The Departmcnt hosts 2 vibrant intedisciplinary Cell and Cancer Biology 
grant program, wth thre NI-fundd ning ran providing supper for 
Imany of nines, Resouces are excellent the Departnnt is housed inthe 
Frank Gelny-designed Vontz Center fr Molecalar Studies, with cutting 
research space and ncillary facilites. The Univenty of Cincinnati College 
SF Medicine ranks 19th among all public medial schools, with mor th 
$250 milion in sponsored program award 
Interested candidates should sobutit& counprchonaive cerietuon vite 
and contact information for thre references to: The Office of Faculty 
and Administrative Affairs, The University of Cincinnati College af 
Medicine, 200 Albert Sabin Wa, Suite 1200, Holmes, Cincianai, Ohio. 
48267-0884, ATTN: Cell and Cancer Biology Chair Search; or mail 
tmarianne.nichauva weed Review of applications wil commence me 
‘Gately and contimoc until the position is filed 
The University of Cncnma isan Afirmative Action, 
pac Onporamity Employer: Nome, mince, 
| BY) disabled persons, Vietnam era and disabled veterans 
i fare encouraged to aps: The U.C. Acaemic Heath 
= 


Center isa smoke-frce work environment 


“Benefits have to be 
discussed in the U.S. — in 
Europe you just have them.” 


‘Chiara Gamberi 


required for applicants with a background in one of the sensitive 
technologies on the Technology Alert List, is behind most of the 
delays experienced by foreign scientists. Visas Mantis is not a new 
procedure, but the number of applications being reviewed increased 
from about a thousand in the year 2000 to 20,000 in 2003 (Science 
312:657, 2006). 

The process is a source of frustration to many foreign scientists 
visiting the United States. Last year, Indian chemist Goverdhan 
Mehta, who serves as president of the International Council for 
Science, canceled a trip to the University of Florida when his visa 
application was found in need of further scrutiny, The scientist told 
the Indian press that he found the review process humiliating and 
unnecessary, 

Although the Mehta case caused a stir in the international 
scientific community, most visa problems go unheard, and it is 
impossible to know how many scientists are simply refusing to travel 
to the United States. Delays in obtaining a visa approval can have 
particularly damaging consequences for scientists who are working 
in the United States. “We know of cases where they have gone home 
for an emergency and cannot get back because of visa problems,” 
says Wendy White, director of the Board on International Scientific 
Organizations at NAS. “They are separated from theit families, cannot 
pay their bills, and sometimes lose their jobs.” White oversees NAS's 
International Visitors Office (http://www7.national-academies. 
‘org/visas), set up to help scientists who have been waiting for visa 
approval for more than three weeks. The office alerts the Department 
of State of such cases in an effort to expedite the review process. 

Fortunately, such problems are getting, by all accounts, less 
frequent. The number of cases the International Visitors Office at NAS 
dealt with in 2006 was down to 204 compared to 856 in 2003. And in 
2005, the Department of State announced that it increased staffing 
and streamlined systems to reduce the average time for obtaining 
Visas Mantis clearance to less than 14 days. “The perception that the 
U.S. does not welcome foreign students is diminishing,” says Amy 
Scott, senior federal relations officer at the Association of American 
Universities, “think weare getting back tobeing seen as awelcoming 
nation both for students and in terms of faculty opportunities.” 

But White says more should be done to avoid long delays for visa 
applications. “We understand the need for security, but perhaps 
people who have successfully completed the clearance process 
could be given a special status so that they do not have to undergo 
these interviews each time they need or want to travel to the United 
States,” she suggests. 


we sciencecareers.org 


IN 
Faculty Positions 


Cut Off from Funding, 

At the moment, tenured faculty positions in the United States are 
hard to come by, regardless of citizenship. This is in part due to the 
fact that, as National Institutes of Health Director Elias Zerhouni 
recently pointed out, the number of scientists in the United States 
has dramatically increased over the past decade (Science, 314:1088, 
2006). But although foreign postdocs now outnumber home grown 
‘ones, report by the Federation of American Societies of Experimental 
Biology (FASEB) concluded that “there is no evidence that they are 
taking permanent jobs away from U.S. citizens” (Garrison et 
FASEB /. 19:1938, 2005). Infact there are hints that foreign postdocs, 
may have a harder time landing permanent faculty positions than 
their U.S.-born colleagues. 

For one thing, most federal funding sources for postdoctoral 
training are strictly reserved for U.S. citizens and U.S. permanent 
residents. This not only translates to lower salaries, on average, for 
foreign postdocs, but also renders them less competitive. The NAS 
report, Addressing the Nation's Changing Need for Biomedical and 
Behavioral Scientists (2000), found that postdoctoral participants in 
the National Research Service Award program, from which foreign 
scientists are barred, completed their postdoctoral training faster 
‘and went on to more successful research careers. In particular, 
former NRSA fellows were more likely to be successful in competing 
for NIH grants as independent investigators. 

Scientists on temporary visas don't have access to some 
‘government jobs, such as principal investigator at the NIH, While 
there is no evidence that foreign applicants would be less desirable 
to a university's faculty hiring committee, “it is more complicated 
to hire foreign faculty because of the paperwork,” says Gamberi. 
Indeed, in industry, foreigner-born postdocs have to go the extra 
mile to land a position. For the past five years, Joel Shulman, adjunct 
professor of chemistry at the University of Cincinnati and former 
manager of doctoral recruiting and external relations at Procter & 
Gamble, has been running a workshop at the annual meeting of the 
‘American Chemical Society for foreign nationals who want to remain 
to work in the United States (http://www.chemistry.org/careers). 
“To hire you on a permanent basis, employers have to sponsor you 
for a green card. If they see no route for getting a green card, they 
will not hire you.” explains Shulman, “A lot of companies are afraid 
ofthe time and effort.” 

He advises students to “develop a skill set that is desirable to a 
company and not held by all others.” Only about half of graduates 
in chemistry do a postdoc, but the additional training is almost 
mandatory for foreign nationals. During the postdoctoral term, a 
scientist can acquire additional skills and his or CONTINUED » 


» Association of American Universities » The National Academies 
hnttp:/ /www.aau.edu http://iwww.nas.edu 


» Cold Spring Harbor Laboratory 
http:/ /www.cshledu 


» University of Cincinnati 
hhttp://mww.uc.edu 


» Division of International Services/ 
ORS, NIH 
hnttp:/ /www.ors.od.nih.gov 


» University of Michigan 
http://wew.umich.edu 


» McGill University 
hnttp://www.megill.ca 
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Assistant or Associate Professor in Neurobiology 


We invite applications for a tenure-track position at the 
Assistant or Associate Professor level in research areas 
Felated to comparative neurophysiology. neuropathogenesis 
(or molecular neurobiology. The successful candidate will be 
expected to interact with a strong comparative physiology 
group that has expertise in developmental, molecular and 
evolutionary neurophysiology, and cellular 
neuroendocrinology. Strong collaborative interactions are also 
available with the Centre for Neurosciences and the Centre 
for Prions and Protein Folding Diseases. The candidate 
should have a strong record of research and demonstrated 
potential for excellence in teaching. The University of Alberta 
offers a competitive salary commensurate with experience 
and an excellent benefits plan. 

‘The Department of Biological Sciences 
(http wwwbiology.ualberta.ca/), with 72 faculty members 
and 275 graduate students, offers an exciting environment for 


collaborative research. Exceptional infrastructure includes 
molecular biology and microscopylimaging services, animal 
care and aquatic facilities and access to Bamfield Marine 
Sciences Centre 

‘Candidates should submit a curriculum vitae, a one-page 
summary of research plans, a statement of teaching interests, 
‘and reprints of their three most significant publications, 
preferably electronically to positions@biology.ualberta.ca or to: 


Or. L.S. Frost, Chair 

Department of Biological Sciences 
CW 405 Biological Sciences Building 
University of Alberta 

Edmonton, Alberta, Canada T6G 2E9 


Applicants must also arrange for three letters of reference to 
be sent to the Chair. Closing date for this position is April 1 
2007. The effective date of employment willbe January 1, 2008. 


‘Ki qualified candidates are encouraged 6 apply, however. Canadians and permanent residents willbe given priory. W eultable Canadian clizens 
‘and permanent residents cannot be found, other individuals willbe considered. The Universty of Aberta hires on the basis of mort. We are 
committed fo the principle of equity in employment. We welcome diversity and encourage applications from all qualified women and men, inchiding 
persons with disabities, members of visible minoeties, and Aboriginal persons. 


CARDIOVASCULAR GENOMICS DIRECTOR 
CENTER FOR TRANSLATIONAL MEDICINE 
Jefferson Medical College, Philadelphia, Pennsylvania 


The Comber for Translational Medicine in the Department of Medi 
Jeflerson Medical College seeks an outstanding scientist for establish 
mentof in cardiovascular genomics or pharmacogenmics and 
head nit within the Center and Department. A tenure-track 
‘appointment is available at any level depending on qualifications and 


nce, We seck a scientist who will complement and synergize 
ug basic and clinical research programs in the Department of 
‘and within Thomas Jefferson University. In particular, we soek 
hvimterests in cardio yenomics-genetics 
th experience in the latest technology and bioinformatics and who 
«ean not only digect their own research program but also bead an exis 
ing Genomics Core. The multidisciplinary Center has state-of-che-art 
technology in gene discovery, gene and cell transfer, imaging. functional 
genomics and animal models of human disease and is housed within 
new 30,000 sq ft facility, In addition, collaborative opportunities are 
available in the Cardeza Foundation for Hematologic Rescarch, the 
mmel Cancer Center, the Vascular Center, and a newly established 
Center for Kidney disease 
didates should have an MD, PAD or MD/PhD degree and 
ademic record, Candidates with extramural support will be 
1 priority but not a requirement, however, young investigators must 
hhave excellent training and track record. Competitive packages will be 
off cr City Philadelphia, 
Jefferson Medical College is one of the oldest and highly respected 
‘medical schools in the U.S. Founded in 1824, the Medical College is 
partof Thoms Jefferson University and affiliated with Thomas Jefferson 
University Hospital and the Jefferson Hospital for Neurosciences. 
Please send letters of interest and CV's to: Walter J. Koch, PhD, Diree- 
tor, c/o Ms. Margit Nesemelyi, Center for Translational Mc 
Jefferson Medical College, 1025 Walnut Street, Room 317, Phila- 
delphia PA 19107: Email: Margit.Nesemelyi@ Jefferson.edu; PI 
218-985-9982, 


Interested 


a sro 


>) The 
34 Sey 


The Jocton Laborer, woidranownad mone gaes 
pesesch non co NCldaignced Concer Carer, 
Knached o major oclly expansion in Cancer Resscrch, 

We encourage opptcations lor postions ofthe Assision, 
Asoc onl Fol rf vl epecicy om fe wih 
on here a laccplar onc tendenclopeocha, 
‘Candidates should have a Ph.D., MD., or D.V.M., and have 
Completed postdoctoral heining wih a record of research 
excel, on fey pt hve clo doen 
Compan indeperdany ded research oqo ft oes 
xhanioge ol the mouse & 0 gendic moda fr human cance. 


We ofr a unique scientific esearch environment, inching 
excelent collaborative opportunites within our faculy of 

37 principal invesigators, unpardliled mouse genomic 
resources cublonding core scenic supper services, highly 
succes postdoctoral and predodoral raining programs, 
and a major scieniic meeting cee, fectring courses and 
Conferences centred on mouse models 


Cancer Research 


& 
) 
= 


For more information go to: www.jax.org 
Applicants should send a curicdlum vite anda conc 
‘Solement of research interests and plans, and ancange 


have free letters of reerence sen o:foculyjobs@jax or 
Ticlodaen oc non £CE/aA elo J 


The Jackson Laberctory, 600 Moin Steet, Bor Harbor, ME 04609 


Faculty Recrul 


www.jax.org 


her publications have time to accrue citations, one of the criteria for 
obtaining a green card via the “outstanding researcher” application 
route, “You have to somehow lower the activation barrier,” says 
Shulman, 


Learning the Talk... 

When Xinyan Huang left China to pursue graduate studies at the 
University of Toledo, Ohio, spoken language was a major obstacle. 
Although she practiced long hours to prepare for her graduate school 
interview and was able to introduce herself to her committee, she 
not understand many of the questions they asked. 

Like Huang, most foreign scie the United States come 
from China and, for most of them, language is often an issue. So 
much so that Jim Samet and Chinese-speaking colleagues at the 
U.S. Environmental Protection Agency decided to write a guide, 
The Illustrated Chinese-English Guide for Biomedical Scientists, 
to “help build confidence in the use of scientific English,” says 
John Inglis, director of Cold Spring Harbor Press, publisher of the 
book. The guide provides lists of terms that are common in science 
laboratories translated in both simplified and complex English. The 
accompanying “talking” website (hitp://chinese-english.cshl.org) 
sives the correct pronunciation of these terms. 

Language problems can of course be overcome with time and 
practice. Huang, who has been a postdoctoral fellow in Richard 
Neubig’s lab at the University of Michigan since 2002, says she no 
longer finds it difficult to be understood, but writing grants and 
manuscripts is still a challenge. Having completed nearly five years 
of postdoctoral training, Huang has thought of moving back to 
China, “Recently a colleague returned [to China] and obtained a good 
startup position. If| went back | would have a good opportunity,” 
says Huang. “But my passion for science and doing cutting-edge 
work keeps me here.” Huang is optimistic that she will be able to 
‘obtain a position as an independent investigator in the United 
States, although she is not quite ready to take the plunge. “At least 
for now, my plan is to publish more papers, get a career transitional 
award, and look for a faculty position soon,” she says. 


And Walking the Walk 

Seattle-based author Kathy Barker, whose books At the Bench and 
Al the Helm provide practical advice for working in and running a 
scientific lab, often receives questions from foreign-language 
scientists. “A lot of the things that I write about in At the Bench that 
are pretty common sense to U.S. scientists are not common sense 
to [foreign-born ones}, For example they don't know that they can 
talk to their department chair or that they can call the grant officer 
at NIH," says Barker. “The non-English speakers especially have 
trouble understanding the institutional goings-on.” 

‘Many foreign scientists seek out support groups of other foreign- 
bornscientists who can help them navigate the system.” know about 
40 Chinese colleagues inthe U.S. and we call each other to exchange 
information,” says Huang, “The challenge foreign scientists have is 
to find a support network. But nowadays, thanks to the Internet, a 


» Visit vww-sciencecarcers.org and planto attend upcoming, 
meetings and ob fairs that will help further your career 


wwwwsciencecareers.org 


OCU ORCA ome 


Faculty Positions 


“My passion for science and doing 
cutting-edge work keeps me here,” 
says Xinyan Huang. 


{ot of connections are done before they even get in the country" says 
Calendario Zapata, director for the Division of international Services 
at NIH. Although his office’s primary role is to provide foreign 
scientists employed at the National Institutes of Health in Bethesda, 
‘Maryland, help with their immigration papers, it provides other types 
of information, from filing income taxes to finding local child care. 

The National Postdoctoral Association (NPA) (http://www. 
nationalpostdoc.org) has put together a guide to help newcomers. 
“The impetus for the project was a workshop at one of the NPA's 
‘annual meetings where postdocs brought up many common and 
practical questions,” says Gamberi, who is now a staff scientist at 
‘McGill University in Montreal, Canada, One of the main resources 
in the guide is information about different types of visas. Obtaining 
permanent residence in the United States requires.a lengthy process. 
Thus, most foreign scientists coming to the United States initially 
apply for temporary visas. Once they are in the country, they can 
often apply for a more permanent status. The most common types 
of visas sought by scientists are: F-1, usually for undergraduate and 
graduate students at universities; H1-B, for temporary workers in 
specialty occupations; and J-1, for exchange visitors. Although most 
institutions provide help with obtaining a visa, they don’t always 
point out the advantages of one visa type over the other. “One can 
be more restricted than the other depending on your career path,” 
explains Gamberi 

Foreign scientists not only have to learn how to navigate the U.S. 
system to advance in their careers, but also adjust to all the practical 
aspects of daily life in the United States. “Benefits have to be 
discussed in the U.S. In Europe you just have them," says Gamber. 
Other things that a foreigner has to learn are how to obtain a credit 
card and to build up a credit history. Indeed the biggest challenges for 
Lazebnik were things like obtaining a checkbook. “! had never seen 
a checkbook before coming to America. In Russia we just used cash 
at that time,” he recalls. His supervisor assigned another postdoc in 
the lab with the task of taking Lazebnik to look for apartments, find 
a bank, and just explain how things worked. That was a huge help to 
Lazebnik, and he still remains grateful to the former labmate, Alastair 
‘MacKay, and within a month he was more or less settled. 

For years the United States has attracted the best scientists from 
around the world. While many return to their countries of origin to 
share their acquired experience and knowledge, some have made 
the United States their permanent home despite the challenges 
facing them and have built successful careers. Continuing to lure 
top international scientists to the United States will benefit research 
both locally and worldwide, to the overall benefit of the global 
scientific endeavor. 


Laura Bonetta is a scientist turned freelance writer based in the 
Washington, D.C. area. She has a green card. 
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POSITIONS OPEN 


‘MICROBIOLOGIST 
University of North Texas, Denton, Texas 
The Department of Biological Sciences (webs 
tnesp:/ /mew.bioluntedu) Invites applications f 
4 tenafe-trick ASSISTANT/ASSOCIATE PRO- 
EESSOR in mcrofogy fepnnng pcm 
2007, Successful eandcats wil be expected to con 
jributs vo a song rscarch progpama me participa: 
in instruction at the undergraiuate and gradvate 
level. Candidates ble to apply maxtem genomic 
‘methods to research on the phsiology and diversy 
(of microorganisms are strongly encouraged to apply, 
bur cans wa eet nr ac il 3 
e seiously considered, Eaellent opporruniis 
Inveraer with research faculty inthe arean of bi 
chemist), mkrobiology, biotechnology, plant, a 
thvrontacaeal sclnees Cast 
Unheraty of Noth Texas isa growing Universny 
‘over 33,000 students located in the Dalle Fort 
Worth metroplex, Degree programs are offered ia 
biology, Biochemistry, molar Biology, and en 
ronmental sciences at both the underpradeate and 
gridoate (MS./Ph.D.) kvels Excellent research 
Compute aan, ad encoun atop 
ats, and stanepent of 


search goals 
tee Chair, Department of Biological Sciences, 
P. O. Box 305220, University of North Texas, 
Denton, TX 76203-5220, Review of applications 
wl i February 16,2007, and wl remain open 
wana 

‘The Unive of Nom Tes 


av ual Opportanity 


Afinnaive Aton Tntinton cmon n> sverity Hs om 
ployment aul edaatia presi, they mating wekoming 
“omanoment sr ene 


ASSISTANT or ASSOCIATE PROFESSOR 
Department of Cell Biology and Anatomy 
Louisiana State University 
Health Sciences Center, New Orleans 

The Department of Cell Biology and Anatomy 
(wvebsite: http://www medschoo.isuhsc.ed/ 
‘ell_biology//) invites appistions for a tenire-tack 
Faculty pontion at the Awitant or Awosiate Profes 
sor kvel. We are seeking individuals with research 
ingcrests in any’ aspect of developmental Biology 
cluding developmental neuroscience. Applicants 
shoul have an independent, wel funded esearch 
program and be willing to participate in teac 
edad and graduate student courses 


“rns. 
pleas ad curiam vitae, scent of rah 


Interests, and the names of three references. t0: 
Melissa Hebert, Department of Cell Biology and 
Anatomy, Louisiana State University Health 
Sciences Center, 1901 Perdido Street Box P6-2, 
New Orleans, LA 70112-1393, Lowiions Ste 
Unvety Hosil’ Sciener Canter ta Eaal Opportty 
Afinnative Acon Limployer 


The Department of Veterinary Physiclogy and Phar 
macologyy College of Veterinary Mediane and Bio: 
meclcal Sciences, Texas ARM University, announces 
the avilabty of a TENURE-TRACK FACULTY 
position (open rank) in the area of cardiovascular/ 
endocrine research, a growing focus in our Depart 
ment. A strong rescarch program and evidence of a 
commitment to excellence in teaching are required 
Departmental faculty” and their interests can be 
identified at website: hrep://www.cvm.tamu.cdu/ 
‘vipp. Evaluation of applications will begin March 1, 
2007, and continue until the position i filed. Can: 
‘alates should send curriculum vitae, etter of appli- 
‘ation, and names and adresses of thrce references to: 
Dr. Timothy A. Cudd, 
sartment of Veterinary Physiology and 
macology, Texas ARM University 
College Station, TX 77843-4466 
"Telephone: 979-862-1972 
Fax: 979-845-6544, email: teudd@cvm.tamu.edu 
Texas AEM Unio an Eu Opyoenaaty Epp 
Euan, 


700 
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The University of Alabama at Birmingham scks 
applications for up to two full-time ASSISTANT 
PROFESSOR positions in the Department of 
‘Anesthesiology. These are tenure-caming track posi- 
tions and intended to attract highly qualified can- 
dlidates, with a demonstrated track record in hung 
lectrophysiology, willing to function as indepen 
dent investigators, while at the same time, col- 
laborate with other faculty members in a number 
of collaborative projects. The successfal candidates 
‘must have considerable expertise with cell and 
molecular aspects of ion transpor, including whole 
and single channel currents recordings from oocytes 
and mammalian cxlls, as shown by fist (or senior) 
author publications in high impact pecr-revicwed 
journal. Candidates must have current extramural 
funding from a national agency and show out 
standing potential for obvaining NIH Rescarch 
Project Grant funding. Outstanding teaching cre- 
dcntials are highly desirable, Prospective candidates 
should hold a Ph.D. and/or MLD. degree. Please 
Send curriculum vitae to: Sadis Mataloa, Ph.D. 
Alice McNeal Professor of Anesthesiology, Profes: 
tor of Physiology and Biophysics Microbiology 
and Environmental Health Sciences, 

Of Ancahesilogy, The University of Alzboma at 
Birmingham, Blomedical Research Building 
Room 224, 901 19th Street South, Birmingh: 
AL 35294-2180, fax: 205-934-7476, e-mail! 
sadis@uab.edu. The Univnity of Alahama a Biming- 
ham 0 Equal Opportty, Afimative Action Lngployer 
wth a ‘tng comment > etn and otra vety 
among iy faity, indents, and advanratie sl Apple 
ts from women and tac minore a cnounaged 


BIOCHEMISTRY, TENURE-TRACK FAC- 
ULTY POSITION, Deparement of and 
Molecular Biology, North Dakota State University 
(NDSU) hat 3 tentre- track faculty position avaiable 
‘August 2007 

TTD. in biochemistry, chemisry, or molccuar Hod 
‘ogy required, Postdoctoral expencnce prc. Ap 
plants having rescarch interes in the. acas of 
forensic DNA and moleailar biology which are re 
lated to National Institute of Justice-targeted fund 
ing petortics willbe given preference. ‘The succesful 

dale will be cexouraged to work closely with 
the staf ofthe newly created NDSU Forensic DNA 
Faciiy. ‘Teaching duties may inchide intmoctory 
Ibiochemisty courses at the undergraduate oF grad 
tate levels and a graduate course related to specialty 
frea. Must have the potential to develop an extemal 
iy finde, competitee research program and com 
fitment to teaching. and service. ‘The position is 
‘open atthe rank of ASSISTANT or ASSOCIATE 
PROFESSOR. Screcning will begin March 1, 2007, 
For furher information and apy¥isaben reguremnts 
sce website: hetp://www.ndsu.edu/ndsu jobs/ 
non broadbanded /positions/00025232.shtml. 
‘Contat pencn: De. §. Derek Kililes, Department of 
‘Ghemintry and Molecular Biology, Noreh. Dakota 
‘State. Univenity, Fargo, ND_ 98105, ‘Telephone: 
701-231-7946, fax: 701-231-8324. 

DSU tan Espa Oppo Ia 


NATIONAL UNIVERSITY OF SINGAPORE 
Department of Chemical and 
Biomolecular Engineering 

‘The Department of Chemical and Biomolecular 
Engineering at National University of Singapore 
{tes applications foe TENURE-TRACK FACULTY 
jpositions at all ewls. The Department is one of the 
[ingest internationally with excellent in-house inra- 
structure for experimental and computational re- 
search. A Ph.D. in chemical engincenng or related 
areas and a strong research record with excellent 
[publications are required. Please refer to websit 
hitp://mww.chbe-nus.eduse/ for more informs 
‘on on the areas of interest and for application 
detail. Applicants should send fall curriculum vitae 
(including key publications), a detailed research 
plan, a statement of teaching interest, and a list of 
hams of at least three references to: Professor Raj 
Rajagopalan, Head of Department (Attention: 
‘Ms. Nancy Chia, e-mail: nancychia@nus.edu.sg). 


BIOLOGY EDUCATOR 
ASSISTANT PROFESSOR 
Te Biological Sciences Department a¢ Clio 
sate Payeecnic Univeity, Pomona, vcs app 
ations fora tenured poution a Bclogeal 
‘Station 3cthe rank of Aisane Profesor to en 
Sepcmber 2007, The new fclky member wil ech 
Glaser in stnce comets tect fading 10 the 
Teaching credential, develop apecsky course apd 
trove for mlonoe ached wil be exposed 
to exh and maintain anaes ned re 
search program in scence education involing 
Sndergrate and) Manes Teel dens, The 
soccer candidate wil also be expect! to ai 
incur devclopment, adie sty serve 
Deparment, Cale, and Unverny comes, 
a engage in proton acne, Ph, D equred 
irom an acrid isituton by August 2007, 4 
Cmbinaion of graduate grec andr work epic: 
fener bath Clobgy and dence cdc, tod 
frames or be eae ro bran a Cables tac 
ing credential in a single subject arca. Application 
renew wll begin March 1, 2007, and wil ontinue 
tna postion il 
‘Addr all nomination igus, and request 

De. Gil Brum and Tina Hareney 
Co-Chair, Biology Educator Search Committee 

Biological Sciences Department 
California State Poleenic University, Pomona 

$3401 Wen Temple Avene 
Pomona, CA'91768 

‘Telephone: 909-869-4036, fax! 909-869-4078 

mal gdbrum@ouporonacd 


FACULTY POSITIONS IN 
PHARMACEUTICS AND DRUG DELIVERY 
Department of Pharsuceutcl and 
Biomedeal Sciences 
College of Pharmacy, University of Georgia 

The Departmcnt of Pharmaceutical and Biome 
ical Sciences at the Unversity of Gcorgi, Athens, 
ints applications fora tenure track ASSISTANT. 
PROFESSOR pin in the general are of dg 
Alelvery ant drag tabapor Applicants shoul! po 
ses aD. of Pham D./PhD. or eguvaent degre 
sith pharmacetleal ckaces or relied area a The 
foci of ther graduate education and rscach 
ict omen a cay 
teach bi pharmaceutics and dag delivery concept 
St hod the Pharm.D and Ph.D. eee ae require 
Each suscesul ppc 
sini, estar 
the arcs identied above 
omsideraion, apphcations should he received by 
March 1.2007 Interested qualified ppcans shoul 
sul eter of appiaion, curt ita, 27 
search pln and thee confit letters of com: 
mendation to: ‘Chair, Pharmaceutis, Search 


ing, University of ‘Athens, GA 30602 
2382, Applicants may also apply online to e-mal 
pbssearch@rx.uga.edu. The University of Googie an 


Tapa Employment Oppornnty/Afinnaive aon Exnphyer, 
Apps fo uid women sd monty cade ne 
nage 


Virginia Tech is recruiting the FOUNDING 
DIRECTOR for the Insitute of Biomedical and 
Public Health Sciences (IBPHS), website: htp:// 
www.ibphs.vtedu. IBPHS is 3! major initiative at 
Virginia Tech to enhance research and training 
the life sciences. The success candidate will have 
vision to use interdisciplinary biomedical and pub- 
lic health research to address significant socital 
feeds and to compete for major federal and private 
funding; will maintain a productive, intemationally 
recognized research programy; and will be a spokes: 
person for the Institute within the University and 
trith esternal constituents, For detailed informa- 
tion and instructions on how to apply sce website: 
hhetp://www:jobs.vtedu and search for posting 
061454. Eas! Opporaty/Afinnstive Acton 


www sciencecareers.org, 


UK 


Faculty Position 
‘The University of Kentucky"s Sanders-Brown 
Center on Aging is seeking a neuroepidemi- 
ologist, neuropsychologist, neurologist, oF 
psychiatrist with an interest in research in 
Alzheimer’s disease. This individual would be 
expected to function in the Clinical Core ofthe 
Nili-funded UK Alzhcimer's Disease Center 
and establish a research program utilizing the 
Clinical, Neuropathology, and Biostatistical and 
Data Management Cores facilites and data. The 
candidate will join lage team of clinical and 
busi sience investigatory studying Alzheimer's 
disease, This is atenure track faculty postion at 
the Assistant or Associate Profesor level. Pref: 
erence will be given to individuals with research 
experience and accomplishments. Faculty rank 
Will be commensurate with experience and 
qualifications. Minimal teaching and service 
obligations are required 

Applicants should send a letter of interest, CV, 
and names of three references to: William R. 
Markesbery, M.D. Sanders-Brown Center 
ow Aging, University of Kentucky, Lexington, 
KY 40536-0290. 


The University of Kentucky is an Equal 

Employment Opportunity/Affirmative Action 

Institution. Ifoffered this postion, you will 

be required to pass a pre-employment drug 

screen and undergo 4 national background 

check as required by University of Kentucky 
‘Human Resource 


TENURE-TRACK FACULTY POSITIONS 
Chemical and Life Science Engineering 
The Department of Chemical and Li (CLSE) in the School of Engin 


at Virginia Commonwealth University (VCU) has two tenure-track faculty openings starting in the 
Fall of 2007, One position is at the Associate level, and the other is at the Assistant level 


Chemical and Life Science Engincesing at VCU represents the browd, formal interaction of the 
disciplines of chemical engineering with life and health sciences to create a forward-looking, 
rationally distinct program. Many’ of the Life Science areas at VCU enjoy national rankings. 
including those in the medical sciences, biological scene mental life sciences, Th 
new School of Engineering formed in 1996 has embarked on a titive wo become a top 
25 program in 25 years. Notable facilities include the new 120,000 sq ft School of Engineering 
the new Trani Center for Life Sciences, the Rice Institute for Environmental Life Sciences 
located along the coastal plain region of the James River, and VCU's Medical School and Hospitals 
‘Current research areas in CLSE include stem cell and stem-cell derived tissue 
1 pathway analysis, biological systems engincering. 
biocomputing ‘and protein molecular engineering, small molecule 
therapeutics, reaction engincering and molecular transport, advanced polymer 
processing methods. A new research Insitule for Health and Life Science Engin 
ig building expansion will be open in 2007-2008 that will x 
a capabilities in the life science engineering areas. 
ed a Ph.D, and at least one degree in Chemical Engineering or 
Bioengineering or closely related discipline 
Outstanding candidates should submit a complete curriculum vitae, state 
rests, anid list of four references to: Dr. Michael H. Peters, Chair, Chemical 
and Life Science Engineering, Virginia Commonwealth University, 601 West Main St 
Room 403A, P.O. Box $48028, Richmond, VA 23284-4028. 
Electronic submissions are acceptable by * pdf files only please to: Jbschrei@veu.edu, Candidates 
tnwist he eligible for employment in the United States by indicating their cities 
Review of applications will continuc until the positions are filled. 


Virginia Commonwealth University is an Equal Opportunity, Affirmative Action Employer 
Women, minorities and persons with disablities are encouraged 10 appl 


Mathematics and Computational 
Biology Position at Vanderbilt 
University Medical Center 


Senior Scientific Datu Analyst: The position 
requires an advanced degree with a minimum 
‘M6 monihs experience in data analysis, math 
matics oF satistics. Applicant should have 
experience in statistical analysis of complex dt 
sets, sample size calculations, and clustering. 
Experience in developing computer programs 
for analysis of large datasets and informatics 
arcadvantages. You must be well organized, ef5- 
cient, and able to design scientific experiments 
The successful applicant will work as part of 
anv interdisciplinary group on analysis of mass 


spectrometry based lipid profiling of celular si 
naling and metabolic pathways. Some experience 
‘inmathematical modeling is desirable. 


Position title, salary, and specific responsi- 
bilities ean be adapted to degree and previous 
experience. The position can be classified as 
8 Research Assistant Professor or Senior Stat 
cientst position for someone with a PhD. and 
extensive publications, or a Research Specialist 
foran MS. 
Interested applicants should send CY, contaet 
information for thrce references to 
H. Alex Brown 
Ingram Professor of Cancer Research 
Department of Pharmacology: 442 RRB 
Vanderbilt University School of Medicine 
23rd Ave South & Pierce 
Nashville, TN 37232-6600 
alexbrowna vanderbiltedu 


UH] Health Sciences Center 


NEW ORLEANS. 


Professor and Head 
Department of Pharmacology 

Louisiana State University Health Sciences Center, School of Medicine, New Orleans 
The Louisiana State University Health Sciences Center School of Medicine in New Orleans invites 
applications and nominations for Professor and Head of the Department of Pharmacology. The School 
is renewing a period of extraordinary expansion with unprecedented investments by the state of 
Louisiana inthe further development of biomedical sciences in collaborations between the School of 
Modicine and intemal and external agencies. The position presents the opportunity to create a new 
level of interdiseiplinary research and collaboration in a department with complementary and diverse 
arcas of expertise that inclade cardiovascular, CNS, respiratory and gastrointestinal pharmacology. 
drug metabolisn, ani cellular and molecular signaling. The Department curently Hists 24 fulltime 

5 faculty withadjunet appointments, and 17 studentsin Ph.D. or M.D/Ph.D. programs. Many 
of the full-time faculty members hold joint appointments inthe Cancer Center, Neuroscience Center 
of Excellence, Cardiovascular Center, Alcohol Research Center and Center for Oral and Craniofacial 
Biology. The Department participates in Interdisciplinary and Departmental graduate programs leading 
toa doctorate in Pharmacology. The Department also currently holds an NIH COBRE grant, “Men- 
toring in Cangiovascular Biology.” 1 train junioe faculty. The successful candidate will ave a Ph D. 
and/or M.D. degree, demonstrable leadership ability, a well-funded and internationally recognized 
research program, a proven commitment to education and research, and the ability to provide vision 
for the Department that builds on its historic strengths. Achievements in teaching, mult-disciptin- 
ary collaborative research, mentorship, and administration that promote an inclusive environment 
are essential, Additional information regarding the Department and Health Sciences Center can be 
‘obtained at http://w w.medschool kuhsc.edu/pharmacology/. 
Candidates should provide a curriculum vitae including a full list of publications, past and current 
research support, and a brief statement of educational, research, service and administrative interests, 
‘These materials should be forwarded electronically to: Dr. Arthur L. Haas, Chair, Pharmacology 
Search Committee, LSUHSC School of Medicine, Department of Biochemistry, 1901 Perdido 
Street, New Orleans, LA 70112; PharmacologySearcha lsuhse.edu. Review of applications will 
‘commence 1 March 2007 and will continue until the position is fille. 


LSUHSC is an Equal Opportunts/Affirmative Action Employer: 


ScienceCareers.o1 


a) 
z 
ie} 
Lm 
a 
oO 
a 
> 
i= 
a 
=) 
ie) 
4 
ra 


ScienceCareers.org 


a) 
z 
S 
= 
7) 
io} 
a 
> 
i 
a 
=} 
1s) 
< 
res 


The University of California, Davis, invites applications foran Assistant 
Professor position. This postion will be housed in the Department of Plant 
‘Sciences with the possiblity ofa joint appointment in the Department of Viti- 
culture and Enology sfappropriate. A demonstrated capacity to conduct high 
‘quality esearch and ability to teach undergraduate and graduate students are 
‘requirements, The successful candidate's research will focus on understand- 
ing the biochemical pathways leading to the production and accumalaton in 
plants and plant products of various compounds important for human health 
(Phytonuiriens) and using this information fo enable fundamental human 
‘urtiona insights and to direct crop improvement. The range of potentially 
important phytonutrients for human heals quite broad and includes: polysac~ 
‘harides; isoprenoids and their derivatives including carotenoids, vitamin E, 
nd sesquiterpenes: phenylpropanoids including flavonoids, isoflavanoids and 
‘other polyphenolics; and various bio-actve alkaloids and peptides 


‘This postion is an integral part of the UC Davis campus-wide initiative on 
Foods for Health and the successful candidat willbe expected to operate well, 
ina multi-disciplinary team focused on the development of a comprehensive 
‘program that covers the entire continuum of food pecucton, consumption and 
individualized health. A Ph.D. and postdoctoral research experience i plant 
biochemistry or a related field is required and specific expenence in studying 
the biosynthesis and/or human nutritional impact of phytonutrients i desirable 
The position willbe atthe Assistant Professor level, and will bean academic 
_year(9 month) tenure rack position afiscal-year tem apposntment (1 months) 
Will be offered and continued based on academic personne! review 


Please refer to http:/iplantsclences.recruitments.uedavis.edu for postion 
details and online application process. Please include statements of research 
and teaching interests, curiculum vita, publication list, caps of 3 of your 
‘most important research publications, copies of undergraduate and graduate 
‘ranseriptsif within $ yearsof ether degre), andthe names, e-mail adresses, 
and telephone numbers of atleast five professional references. Fee technical 
‘or administrative questions regarding the application process please email 
plantsiencesia uedavised. Fer inquiries regarding the position please contact 
De-Alan Bennett, Cairo the search committe (abbennett(@ wedavis.cu), 
Review of the applications will begin March 31, 2007. The position will 
remain open until fille. 


The University of California isan Aiiemative Act 
‘Equal Opportunity Emplover: 


eve Jo 
Nebiaska Department of Genetics, 


Medical Center Cell Biology and Anatomy 


DEVELOPMENTAL GENETICS / BIOLOGY 
REGENERATIVE MEDICINE 
CANCER GENETICS / BIOLOGY 


Applications are invited from established investigators (any acaden 
rank) or multi-investigator teams working in one or more of the areas 
indicated above. The individuals recrui 

tions will be expected to maintain an indepei 

rescarch program, contribute to one or more collaborative research 
programs within our medical center and participate in the educational 
programs of the University. Research arcas of interest include, but 


are not limited to, development and/or cancer of the hematopo 
syste 


‘beast, hung. liver, kidney, GI tract and retina, Outstandi 
‘up resources, laboratory facilities and shared laboratory resources 
available, Omaha, the nation’s 42* largest city, offers an outs! 

ing school system, moderate cost of living, and numerous cultural and 
recreational activities 


Applicants witha Ph.D., M.D. or other doctoral degree and aclear record 
‘ofresearch accomplishments ae invited 1 submit their curriculum Vita, 
a concise summary of their ongoing future research and the names of 
three or more qualified references to: Dr. James Shull, Chairman, 
Department of Genetics, Cell Biology and Anatomy, University 
of Nebraska Medical Center, 988805 Nebraska Medical Center, 
‘Omaha, NE 68198-5805. Review of applications will begin March 
2007 and will continue until the positions ae filled 


The University of Nebraska is an Equal Opportuniey Affirmative 
fetion Employer Individuals of culurally diverse backgrounds and 
women are encouraged to apply 


hupy/www.unme.cdugenctics 


Sigfried and Janet Weis Center for Research 
Geisinger Clinic 
SCIENTIST FACULTY 


The Weis Center for Research is seeking outstanding independent sei- 
Xs for fulltime positions at ranks equivalent to Assistant, Associ- 
ate o¢ Full Professor at academic institutions. Candidates should have 
proven records of accomplishment in conductin 
at the molecular, cellular or genetic level in areas 
disease. Applicants should have a Ph.D. and/or M.D. degree and three 
‘or more years of postdoctoral training. Candidates for senior positions 
are expected to have a significant history of extramural funding. The 
Weis Conteris located on the campus of the Geisinger Medical Center, 
Which is situted in an attractive semi-rural community that affords an 
arading quality of life plus convenient access to major 
areas, Substantial resources are available for start-up. ong: 
support and salary. More information about the research, core fac 
ties, and faculty at the Weis Center for Research can be found at tt 
Jiwww.geisingerorg/professionals/research/wer 


(Qualified individuals should submit curriculum vitae, statement of 
research interests and three reference letters to: Ms. Kristin Gaul 
(DIC), Weis Center for Research, Geisinger Clinic, 100 North 
‘Academy Avenue, Danville, PA 17822-2600; or submit via email to 
kgaula geisinger.edu. Please refer to position WCR-010228 in the 
‘subject line, Applications will be accepted until the position is filled 


Affirmative Action/Equal Opportunity Employer: 


Health System 


Heal, Teach. Discover. Serve. 
‘ww geisinger org, 


Professor and 
Chair Department 
of Physiology 


New York Medical College, located in Valhall: 
is seeking a nationally recognized academic le 
the Department of Physiology. The candidate should have a 
Ph.D. or M.D. and be an internationally recognized scientist 
with an outstanding funded research program and 
distinguished academic record. The candidate should have a 
record of strong academic leadership in the 
undergraduate medical educ 
Programs: and have demonstrated 
research programs and foster a scholarly environment 
Internal candidates will also be considered. 


as of 


ion and basic science graduate 


ility 10 enhance 


Please send letters of application and curriculum vitae or 
nominations preferably electronically, by March 15 to 


teresa longhitano@nyme.edu or 
‘Search Committee for Chair of Physiology 
clo Office of the Provost & Dean 

New York Medical College 
Administration Building Room 109 
Valhalla, NY 10595, 

‘Tel (914) 594-4900 » Fay (914) 594-4145, 
qual Opporturity Employer 


Gy MAYO CLINIC 


Faculty Position 
in 
Cancer Pharmacology 


The Division of Oncology Research and 
the Department of Molecular Phartacol- 
‘ogy and Experimental Therapeutics of the 
Mayo Clinic College of Medicine seek an 
outstanding research investigator in the 
area of cancer pharmacology. Research 
within the Division is highlighted at http: 
ieancercenter.mayo.cdu/mayo/research/ 
developmental_therapeuties/ 


Applications for ether an Assistant Professor 
‘oF more senior level appointment are wel- 
‘comed. Investigators with expertise in the 
areas of proliferative signaling, cell eycle 
ts, DNA repair, eancer pharma 
‘or rational drug design are 

urged to apply. 


curriculum vitae, selected publications, and 
‘statement of rescarch interests, should be 
submitted by Mareh 31, 2007 to 

Deb Strauss (strauss.debraad mayo.edu) 


UNIVERSITY OF 


ALBERTA 


cama 


Assistant Professor, Pediatric Surgery 


The Division of Pediatric Surgery, 
Department of Surgery, Faculty of 
Medicine and Dentistry at the University of 
Alberta, Canada, invites applications for a 
‘contingent faculty position. We primary 
seek candidates at the Assistant Professor 
level, but exceptional candidates at a more 
senior level will be considered. We seek 
an individual who will complement and 
extend our existing strengths in cell 
signalingicell cycle, protein targeting, 
organelle biogenesis, cell-cell interaction, 
neurobiology and RNA localization. We are 
particularly interested in individuals who 
investigate questions of musculoskeletal 
growth and development particularly with 
respect tothe spine, although applicants in 
all areas of modem cell biology related to 
growth and development wil be 
considered. Applicants should have a PhO, 
a proven record of research achievement 


and willbe expected to apply for funding 
from the Alberta Heritage Foundation for 
Medical Research or other granting 
agencies. The successful candidate wil 
conduct a research program in 
collaboration with a mufidiscipinary 
research group at the University of Alberta 
contribution to the Departments teaching 
program wil also be expected. 

Please send a curriculum vitae, a two- 
page statement of research interests, and 
arrange to have three letters of reference 
sent on your behaif to: 


Dr. Douglas Hedden 
Chair, Department of Surgery 
University of Alberta 

Edmonton, Alberta, Canada T6G 287 


Consideration of applications will begin 
‘on Apri 30, 2007 and will continue unti the 
position is filed. 


Scott Kaufmann, M.D. Ph.D. 
Seareh Committee Chair 


Rochester, MN $5905, 


‘Ai quiiiied candatos are encouraged to apply, howaver, Canadians and permanent residents wilbe 
‘given prorty if suitable Canadian clizens and permanent residnts cannot be found, other nds Wi 
be considored. The Unversty of Aberta hires cn the basis of mort We are commited tothe principle of 
‘equty in employment We welcome diversity and encourage applications rom al qualfled women and 
men. nckuiag persons wih dsabates, members of wsble rireries, andAbonginal porsons 


MASSACHUSETTS GENERAL HOSPITAL 
HARVARD STEM CELL INSTITUTE 


The Center for Regenerative Medicine (CRM) at Massachu- 
setts General Hospital invites applications for a tenure-track 
sistant professor position. Outstanding scientists in the fick 
stem cell biology who have the demonstrated ability to develop 
‘strong independent research program will be considered. Su 
cessful candidate(s) will be members of the Harvard Stem 
Cell Institute and faculty of Harvard University. Candidates 
PhD and/or MD and have a history of innovative, 
arch, Women and minority candidate ed 


Applicants should send an electronic copy of (1) letter of interest 
(2)researeh plan and (3) current curriculum vitae to Dr. D: 
Scadden c/o Chris Shambaugh: cpaskera partners.org, 


Center for Regenerative Medicine Search Committee 
Attention: Chris Shambaugh 
Massachusetts General Hospital 
185 Cambridge St. 

CPZN 4263 
Boston, MA 02114 


MGI is an Equal Opportunity/Affirmative Action Emplover. 


Faculty Positions, 
Department of Pharmacology 
‘The University of Michigan 


‘The Deparment of Pharmacology is secking application 
atthe ASSISTANT. ASSOCIATE or PROFESSOR 

‘Gusanding dient with escrch experience an nkre ss tha augment cueee 
‘Sepurtmeetinstives in Drag Metubolion, Pharmacogenetics, Cina! Pharma 
‘cology. and Signal Transduction, NeuropharmacologsBchavioral Pharmacvlog’ 
‘Qualifications inclade a Ph.D. in Pharmacology oa elite discipline and/or MD. 
‘degre, 3-5 year of postdoctoral experience, aml research accomplishments a8 
evidenced by scholarly contributions 1 the erature 


For the Drup Metabolisn position, applicants with outstanding backgrounds in 
Phase Phase I drug metabolis are encouraged. For the Pharmacogenetics 
postion, combkeration will be given 1 applicants with experience in the 
entfication and characterization of polymorphic genes enccding Xemnbiotic 
metabolizing enzymevirnportces cr involved in their repulation i animals oF 
thomuns. Clinical Pharmacnlgy candastes with experience ia dup metals 
nde pharmacogenchcs are welcome. Signal transduction sx neurphts- 
‘olngy chased pharmacology canihdats stadying molecular t whole animal 
spect of pharmacolgyirus design are encouraged apply. 

Soccesful candidates willbe expected 1 establish an extemally funded research 
‘rogram and 19 participa iat teaching medical students and other health 
Frofestionals s well a praduite and postlocmral students AR atractive satuy 
ockage including exellent laboratory facilites and gererous start funds wil be 
vale 


{formation about current faculty interests i available at htp:sitemaker ami 
‘edu/pharmacology faculty listing. 

Applicants should send their curricula vita, 2 two- to fourpage summary of 
their research program and fuure research plans, and information relied to past 
and current teaching expericace. Three leter of recommendation should also be 
scat Address all correspondcoce 1 Dr. Joha Traynor, Chair, 

‘Search Committee, Deparimeat of Pharmacology, The University of Michigan 
Medical Scio, 1180 West Medical Ceater Dr, Ana Arbor, MI 48109-0632, 


The University of Michigan xan Affirmative Acion!Equal Opportunity Employer 
‘Applications Fom qualified women. inoriesandir disabled indiiduatvare 
‘encouraged. 


ScienceCareers.or 
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URBAN ENVIRONMENT 
FACULTY POSITION 


YALE UNIVERSITY 
School of Forestry & Environmental Studies 


Yale University’s School of Forestry and Environmental Studies (FES) 
seeks 10 fill a junior- oF senior-level faculty position focused on the 
urban environment. We seck an individual who takes a quantitative 
systems approach to urban areas, particularly with a spatial geographi- 
cal focus, We are particularly interested in an individual concemed with 
the interface between manmade and environmental systems. Research 
topics of interest include, but are not limited to, urban land use and 
land cover; urban modeling. and urban development as they relate to 
the environment. Interest and experience in international urban systems 
is desirable. The successful candidate will have an camed doctorate 
and an active research program that complements those of existing 
faculty in FES. She or he will demonstrate capacity for excellence in 
teaching at the graduate level, and will advise Master’s and Doctoral 
students, Teaching might include courses that address the environmen 
tal aspects of urban land use planning. GIS modeling, transportation 
analysis and planning, and international urban development. We prefer 
4 candidate with formal training in a relevant discipline such as geos- 
raphy, urban studies, of allied fields, Understanding of key underlying. 
environmental sciences such as evology or Earth science ts desirable 
Applicants should send ac... statement of research and teaehi 

ests, two reprints or other professional publications, and a list of three 
references to: Assistant Dean Jane Coppock, Urban 


Yale University, 205 Prospect St., New Haven, CT 0651 
deadline for applications is Mareh 2, 2007. 
Yale University i an Affirmative Aetion/Equal Opportu 
nbs an 
‘are encouraged to appl: Women a 
canuidates from developing countries, are particularly urged to appl 


‘THE UNIVERSITY OF HONG KONG. 


& # xe 


Founded in 1911, The University of Hong Kong is committed to the 
highest intemational standards of excellence in teaching and research, 
‘and has been atthe intemational forefront of academic scholarship for 
‘many years. Of a number of recent indicators of the University's 
performance, one isis ranking at 33 among the top 200 universities in 
the world by the UK"s Times Higher Education Supplement, The 

verity has a comprehensive range of study programmes and research 
disciplines, with 20,000 undergraduate and postgraduate students from 
50 countries, and a complement of 1,200 academic members of staff, 
‘many of whom are itertationally renowned, 


‘Temporary Assistant Professor in the Department of Botany 
(Ref: RF-2006/2007-319) 
Application ar invited for appointment as temporary Assistant Professor 
(Gended by the Croucher Foundation) inthe Department of Botan, trom 
September 2007, ona one-year temporary basis. 
Applicants should possess a Ph.D. degree with a strong background and 
publication record inthe field of Plant Molecular Biology and Plant 
Bioucchoology. The appoint is expected toteach courses i introductory 
Microbiology, Plant Molecular Biology and Plant Biotechnology, and 10 
participate n escarch in plant molectar biology. Information abut the 
Department can be obtained at htp//www hu hi/botany. 
‘Starting annual salary is around HKS451,980 (approximately USSI = 
HKS7.8) (subject to review from time to time atthe entire discretion of 
the University): Annual ave and medicalental benefits wil be provided. 
Further particulars und application forms (272/302 amend) can be 
‘bua at hips: bu /appeuni otro the Appointments Unit 
(Senior), Human Resource Section, Registry, The University of Hong 
Kong. Hong Kong (fax: (852) 2540 6735 or 2589 2088; e-mail 
senrapplakuce hkuhk). Closes April, 2007, 


‘stetmind Se Neco Paley 


CASE WESTERN RESERVE UNIVERSITY 
SCHOOL OF MEDICINE 


Faculty Positions 
Department of Pharmacology 


Applications are invited from dynamic scientists for several faculty 
pasitions in the growing Department of Pharmacology at the Case 
‘Westem Reserve University School of Medicine. Faculty rank from 
Instructor to Full Professor is open, dependent on current level of 
achievement 


The Department has a great tradition of excellence in molecular 
pharmacology with strong, growing programs in cell regulation and 
signaling, membrane structural biology, cancer cell biology, and 
aan evolving emphasis on translational pharmacology. The goal of 
the search is to add to existing strengths in the Department and/or 
the School of Medicine, The best candidates in any area relevant 10 
modem pharmacology will be competitive. Visit our website http: 
ipharmacology.case.edu, 


Applicants should submit a cover letter, their full Curriculum Vitae 
with publications and grant support, and a list of professional 
references. In addition, all applications should include descriptions of 
the applicant's research interests and goals, and teaching, mentoring, 
and professional service experiences. 


Applications should be transmitted by email t Camala Thompson, 
(cami@ease.edu), 


In employment, as in education, Case Western Reserve University 
{s committed to Equal Opportunity and World Class Diversity: 


‘The UC Davis Genome Center integrates ex 
‘mental and computational approaches to address key 
problems atthe fore 
hhoused in anew research building with state-of-the-art 
computational and laboratory facilites and currently 
‘comprises 15 experimental and computation faculty. 
These faculty are developing an imemationally reco 

nized program in genomics and computational biology at Davis, building 

n and enhancing the unique strengths and unmatched breadth of the lil 
sciences on the UC Davis campus. 


The Genome Center invites applications for tenure-track faculty positions 
in computational and experimental approaches to network and synthetic 

jology. Candidates may be at any academic level, Atthe senior level, we 
invite applications from prominent scientists with distinguished records 
Of research, teaching, and leadership in analysis and manipulation of 
biological networks. At the junior level. we invite applications from 
‘candidates whose accomplishments in innovative research and coma 
‘ments to teaching demonstrate their potential to develop into the future 
leaders of these fields. 


‘Candidates should be strongly motivated by the biological importance of 
their research and should value the opportunity to work in close collabora 
tion with other groups. The Genome Center weleomes applications from 
strong candidates in all areas of networks and synthetic biology involv- 
ing medical, animal, plant or microbial systems, Investigators employing 
large-scale approaches that complement existing strengths at UC Davis 
are particularly encouraged to apply 


These positions require a Ph.D. or equivalent. These appointments may 
be al the Assistant, Associate or Full Professor level in an appropriate 
academic department in any of six schools, or colleges, The position will 
‘remain open until filled. For fullest consideration, applicants should submit 
a letter of application, acurriculum vitae, statements of research and teach- 
ing interests, and the names of at least five references tothe Genome Center 
Web site www.genomecenter.uedavis.edu by March 1, 2007, 


The University of California is an 
Affirmative Action Equal Opportunity Employer. 


( ((voineanomene)) ) 


President and Director 
of Research 


Haskins Laboratories, a private, non- 
profit rescarch institute in New Haven, 
CT, devoted to the science of the spoken 
and written word, is searching for a 
President and Director of Research 
The successful candidate should have a 
Ph.D. ina field related to the research of 
the Laboratories, experience in extramw- 
rally funded research, and be suitable for 
aliliated academic appointments 


Applicants should send a cover letter: 
CV, three relevant publications, anda list 
of three potential references by March 
1, 2007, Please do not send levers of 
reference until requested. 


Applications should be sent to 
Presidential Seareh Commi 
Haskins Laboratories 

300 George Street, Suite 900 

New Haven, CT 06311, USA. 


Haskins Laboratories is an 
Equal Opportunity Employer: 
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SUMIE HEAL System 
Microbial Physiology, Genetics and/or Pathogenesis 


Assistant-Associate Professor 


The Department of Microbiology at the University 
applications for a tenured or tenure-track faculty po 


inia School of Medicine invites 
1 rank of Assistant ar Associate 


aspects of bacterial physiol In addition hevshe is 
‘actively ate hing. The successful 
evelopment of outstanding basic 


and clinical research isms and human disease at the University of Viginia, 


The Department of e ous core facilities for 
the suppor of molecular and cellular research, and ive faculty, Outstanding 
mites exist for collaborative wes al seiences, including 
programs ‘pathogenesis, cel e cs ology. 
Interested applicants should provide a curiculum vita, brief statement of research interests, and 
arrange to have at least three letters of reference seat to: 
‘Search Committec-Microbial Pathogenesis 
:: Lynn McCutcheon 
Departinent of Microbiology 
University of Virginia Health System 
Box 800734 
Charlottesville, VA 22908, 
Fax: (434) 982-1071 
Email: lam8t@ virginia.cdu 
Webs http://www dhealthsystem.virginia.edu/internetmicrobiology/ 
Review of applications will commence March 1, 2007. The position will remain open until 
filled. 


The University of Virginia is an Equal Opportunty/Affirmative Action Employer 


University of Alabama at Birmingham 
(vas) 
Chair, Department of Biology 
‘School of Natural Sciences 
‘and Mathematics: 
The UAB School of Natural Sciences and 
ss (NS&M) invites applica 
i for the position of Cha 
ment of Biology. The 
ently consists of 17 full-time faculty 
‘with over 900 unde 
$0 MS and PAD students, Departm 
include w highly dedicated and collegial faculty 
with research interests primarity in the evology 
comparative physiology, and molecular biology 
Cf aquatic organisms bat also in aspects of cancer 
biology, immunology, and n 
in Biol 


fn teaching, outstanding « 
intcepersonal skills, and an 

service such as to 

ured Professor position. Appl 

ants shoul! submit alter of interest summa 

their qualifications, cusiculum vitae, state 

‘ment of vision, other supporting documentation, 

and contact information for at least five refer 

ences, Sereening will begin in February 2007 


elected, Please send applications to: Depart 
at of Biology Search Committee, School of 
Natural Sciences and Mathematics, 1530 3° 
Avenue South, CH 464, University of Alabama 
‘at Birmingham, Birmingham, AL 38204-1170, 
Women and minorities are strongly encourage 
10 appl UAB isan Affirmative Action. 
Equal-Opportunity Employer. 


UNIVERSITAT 
FRANKFURT AM MAIN 


Johann Wolfgang Goethe University, Frankfurt am Main, Department of Biochemistry, 
Chemistry and Pharmacy invites applications for a full-time 


Professor (W3) in Inorganic Chemistry 


starting as soon as possible. A candidate is sought whose research interests complement 
the existing expertise of the Institute for Inorganic and Analytical Chemistry. At 
the same time, current cooperative efforts within the department as well as with 
the Department of Physics should be strengthened. Active participation imexisting 
research networks (i. €. Nanonetewerk Hessen) as well as collaboration within the 
framework of new collaborative projects, special research areas (SFB) and excellence 
clusters are especially important. The research area of suitable eandidates should 
be related to molecular materials (ic. inorganic/organic hybrid materials, switchable 
systems. sensors technology). Due to the currently available equipment, an emphasis 
‘on surface chemistry would be advantageous. 

‘The designated salary for this position is ‘W3" on the German university scale, and. 
facilities (start-up funding. personnel and equipment) will be av‘C4" level, The 
successful candidate will be required to teach at both Bachelor's and Master's degree 
level. 


‘The advertised position is subject to the requirements set out in paragraphs § 70 
(6) and § 71 of the ‘Hessisches Hochschulgesete The successful candidate will be 
required to participate in the self-government of the University. We are committed 
to increasing the proportion of female scientific staff at the University and applications. 
from women are especially welcome. Where qualifications are equal, preference 
will be given to people with disabilities. 

‘To apply, please send a curriculum vitae including your qualificationisecompanied 
bya letter stating your research and teaching interests to: The Dean, Department 
of Biochemistry, Chemistry and Pharmacy, Johann Wolfgang Goethe 
University, Max-von-Laue-StraBe 9, D-60438 Frankfurt am Main, Germany. 
‘The application should arrive not later than March 5%, 2007, 


ScienceCareers.org, 
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AHealth Sciences Campus 


Assistant/Associate Professor 
UCSF Institute for Regeneration Medicine 


nstitute for Regeneration Medicine atthe University of California, 
San Francisco is secking to recruit anew faculty member whose researc is 
focused on stem cell biology and its application. The IRM, headquartered 
‘on the Pamassus Campus, is an interactive and collaborative research 
envionment for research spanning basic principles wo bedside practice. 
‘The Institute emphasizes neuronal, pancreatic, liver, blood, cangiae devel- 
‘opmental and stem cell biology to complement strong basic research 
and clinical programs at UCSF. Members of faculty in this program are 
expected to further the understanding of stem cell biology and develop 
better ways to treat and prevent diseases. The successful candidate is 
expected to have a research plan relevant to stem cell biology, and to be 
‘conymitted (o active participation in the affairs of the IRM. The appointee 
will bea member of the Biomedical Sciences Graduate Program and an 
appropriate academic department. Candidates are expected wo hold a Ph D. 
(oF M.D. degree, and to have demonstrated achievement in thei Feld 


Applicants should submit curriculum vitae, a 1-2 pag 
research accomplishments, 3 letters of reference, a 1-2 page perspe 
plans, and reprints of major publications. Review will, 
commence by February 1, 2007. Please submit curriculum vitae and 
ting documents i: Arnold R. Kriegstein, M.D.,.Ph.D., Director, 
Institute for Regeneration Medicine, Chair, Seareh Committee, 
School of Medicine, $13 Parnassus Avenue, Campus Box #0525, San 
Franciveo, CA 94143-0825, 


UCSF isan Affirmative Aetion/Equal Opportunity Employer. The 
University undertakes affirmative action to assure equal employment 
‘opportunity for underutilized minorities and women, for persons with 

disabilities, and for Vietmam-era veterans and special disabled 


PROGRAM HEAD. 
DEPARTMENT OF MOLECULAR AND CELL BIOLOGY 
THE UNIVERSITY OF TEXAS AT DALLAS 
‘The University of Texas at Dallas (UTD) and the School of Natural Sciences 
and Mathematics (NSM) invites applications and nominations forthe posi- 
tion of Head of the Department of Molecular & Cell Biology. An academic 
appointment at an appropriate level may be pat of the position. The depart- 
‘ment has over 900 undergraduate majors, over 70 graduate students, and 
focuses on basic research and education at the doctoral and undergraduate 
levels. Current areas of research include prokaryotic and eukaryotic gene 
expression, cell biology. neurobiology, bionanotechnology, and structural 
biology’biophysics. The department has sixteen (16) faculty members and 
ve expansion over the next five years with a major 


institutes such as U. T, Southwestern Medical School 
We scck an outstanding scientist with strong administrative and leadership 
bites a well-established extramurally funded research program, and aclear 
vision for the future development ofthe department. Qualified candidates will 
hold « Ph.D. of M.D. degrce and have a record commensurate with that of 
{enured faculty member within the department. We welcome applicants with 
research expertise in any area of contemporary molecular and cell biology; 
‘candidates with strong interdisciplinary research programs are particularly 
‘encouraged to apply. The successful candidate will be offered an © 
package of resources including research space in the new Natural Sciences 
‘and Engincering Research Laboratory, 1 190,000 qf, state-of ther facility 
developed to foster interdisciplinary research, 
For more information, se the website: http:/wwwartdallas.edu/biology 
Applications will be accepted until April 18, 2007. Applicants should send 
‘curriculum vitae, a short description of research plans, # cance statement 
of leadership philosophy, and names and contact details of five references 
to: Academie Search #2086, The University of Texas at Ds 0. 
Box 30688—AD 42, Richardson, TX 75083-0688, Indication of sex and 
‘ethnicity for aflirmative action statistical purposes is requested as part of the 
pplication but not require. 

UTD is an AVEO university and strongly encourages applications 

Jom candidates cho would enhance the diversity of the untversit's 

faculty and administration, 


Chair, Department of Physiology 
Morehouse School of Medicine 


The Morehouse School of Medicine is coking a Chair for its Department 
of Physiology. The successful candidate will be an outstanding nation- 
ally escognized scientist and academician, who will be responsible for 
continued development of the department and will guid its rescarch and 
education missions. Candidates (Ph.D. or M.D.) with strategic vision and 
of rescarch in any area ofthe physiological sciences will 
Excellent interpersonal skills, scientific leadership, and 
‘commitment to mentoring junior faculty are essential. Credentials appro 
priate forthe rank of Professor are required. Areas of ongoing funded 
research within the department include cancer biology and reproductive, 
‘gastrointestinal, and cardiovascular physiology. Additional information is 
available at http://w wcmsm.edu/physiology index htm. Opportunities 
for collaboration and program development within the institution are 
available through the Center for Reproductive Science, Cardiovascular 
Research Institute, Neuroscience Institute, Clinical Research Center, 
Cancer Biology Program, and other basic and clinical departments. The 
Department of Physiology contributes to the integrated curriculum of 
the medical education program and to the training of graduate students 
through the interdisciplinary Ph.D. program in Biomedical Sciences. 


Interested applicants should submit a curriculum vitae and a lester of 
interest, ether electronically (chartlet¥a msm.edu) oc by mai: 

Dr, Myrtle Thierry-Palmer, Chair 

Physiology Chair Search Committee 
Room 349 Hugh Gloster Building 
Morchouse School of Medicine 
720 Westview Drive. SW 
Atlanta, GA 30310 

Correspondence will be kept confidential. Review of candidates will 
begin as applications are received and continue until the position is 
fille, 


The Morehouse School of Medicine isan Affirmative Action: 


Equal Opportunity Employer: 


CHAIR 
DEPARTMENT OF 
MOLECULAR GENETICS AND BIOCHEMISTRY 
UNIVERSITY OF PITTSBURGH 
‘SCHOOL OF MEDICINE 


The University of Pittsburgh School of Medicine is secking a chair for 
the Department of Molecular Genetics and Biochemistry. The depart- 
ment comprises 32 primary faculty members with a focus on basic 
research in Molecular Biology, Microbiology, Virology, Biochemistry 
and Developmental Biology, although candidates working within a 
area of Molecular Genetics and Biochemistry are encouraged to apply. 
The successful candidate must demonstrate an outstanding record of 
scholarship commensurate with appointment at the rank of Full Professor 
with tenure, and as the William S. McEllroy Professor, 


‘The University of Pinsburgh School of Medicine is enjoying unparalleled 
growth in its research, clinical, and academic missions. Of more than 
3,000 institutions nationwide, the University of Pitisburgh is current 
ranked 7th among educational and research institutions in NIH funding, 
As chair of Molecular Genetics and Biochemistry, the successful candi- 
date will have an outstanding opportunity to add further to the growth, 
of the basic biomedical sciences in the School of Medicine. 


Please send curriculum vitae and bibliography to the MGB Chair Search 
Committee a: biojobs@ pitt.edu. 


The University of Pittsburgh is an Affirmative Action, Equal 
Opportunity Emplover: Women and members of minority groups 
mder-represented in academia are especially encouraged to apple: 


Ismasa Unveastry Scoot oF Mepis 


“The Center for Inmnunbiology in conjunction 
With the Division of Rheumatology atthe 
Inna Unversty School of Medicines 


David 'S, Wilken, MD. the Center for 
Tmnmunobioiogy. within “the School of 
‘Medicine. tings wgetber bas. chica and 
transaton esearch focused onthe 
Iurunolopcal bas disease. The Diviscn 
‘at Rheuataygy under the diecth f Rac 
Grau MD. is tere in srenghoring is 
transational research goals through close 
Interaction wih bans seve imvestigaton. 

Canis fo the curt positions mus have 


appointments in 
ernk and salty 
will hecommensuras wth eyperence. 
Send curriculum vie, a2- 3 page statement of 
‘Recac imere and ure pla and the 
ames and ‘contact information of Wee 
(iia res yal: Dan 
kes, MED. Dr. Calva H,Ensh 
Professor of Medicine, Mierubiolog and 
Imanancogs, Director, Center far Immun 
‘hlologs, Tadlana University. School of 
Medicine, Van Nuys Medical Sclences 
Bulking MS224, "63S "Barnhill 
Induinapotis, IN 46202-8120, fas: 31 
278-7030, ‘emall:  dwitkesi#iupaleda, 
‘npn medicine ed? 
Ilana University Scho 
‘an Equal Emplosment Opps 
firmative Action Employer MID. 


BRATS 


‘Regon Brough te Unversty Grants Comte (Hong Kong), Rass to 


‘The Unwersty eves appacatons and rominatons ote folowang post 
Canadates wen appted research acevernets fee ve very pose 
coraatraton Reevanfexjereren  ausness ad hu was 0c 


Head of Department of 
Biology and Chemistry ret. 4749) 


The Deparment of Bilgy and Chemtry comprises 27 aculy members 
and run tree undergraduate programmes (Apphed Bolo, Apphed 
‘Crematy, Erweormert Sceros ard Marogerart)andonepontadue 
‘wogrumero (Ererormenta Sconce an Teotgy) 1 ort S30 sudo. 
‘ne Depareranpinrs ears on each") and applied resect: 
Slo experts tos n manne and coastal DOgy: potion BOOgY and 
araty ecloniyy marca andentarrerta nary C2" was 
ious uct as gwen erm ererormartt Pea an Kd sty and 
raro-tovecer re emer fos whch ae but gente morse, 
Stengi ef beiogy and cnematy wit ne Deore 


The Department has sound 70 PRO and $0 MPA students puriung hee 
postgraduate stusen:n ese areas Ih agaiton thee te 90 researc 
‘Sitrasearchasetarts woaing wi acaaeme sf on avaraty hae 
rmssarchorom's. Scr 1996, mamas ol he Depertrent hve Faced 
‘rare Man HRS 54 &ryten of comettve research grant ae competed 
trove than 380 constancy ste fr the Government and nus 
Oitaansng acanemert nenarcrmert sec ected ye Corky 
{orMarne Envronmerts Research andinnovabveTeokology MERIT) 
speared by aX$48 muon Ave fEcelence Garton re Goverena 


{Quatitcations for Appointment 
‘The Head of Depariment wit prove strong 
academe leageranp inthe developrent ot 
teaching and apphed researen wenn the 
Deparment as wel as proving olecive 
‘managerai leadership. Candidates should 
possess song academic and professional 
Sualfentore sostartalreeventexperence 

tertary education. andan nterabonaly 
ognized record of research and 
scroarsp, 


Salary and Conditions of Service 
‘The sleresshi candiste wit be oflered 
appointment to an academic rank 
Commensurate wih qualifications and 
‘xpenence. The aportmert wiles boon 
Stperannuabie Terma with provision for 


‘eassvg appontmentfor an ital panod ot 
‘reo years. The Unvorty oes compative 
salancs and employee benef, including 
‘Srna eavo, medica ard dona senemes, 
fusing berets and, whore applicable, 
sage atowance 


Information and Application 
Furtner formation on the post and the 
University. is avaliable at 
ap: ty oom tha Human 
Fesourcos Ofice, Cty Unversity of Wong 
on, Tat Chee Avene, Kowoon, Hong Kong, 
(Fan: (852) 27801164 or (52) 2760 90347 
‘ora frhinugitjd i] Please sete 
‘ominaton or appieaton inthe frm ofan 
[pplication fetter. enclosing a current 
hrrcatum wae, tote Human Resourcos 
(fice by 2aMarch 2007 Pease quot the 
‘elornan ete postin Be agpeaton acon 
‘eervebge. The Unveratroveresthe ht 
{oconuce aw agpicatons and nomnaonn, 
fandto i ornatto ft postion 


MCGOVERN INSTITUTE 


Faculty Positions At MIT, 
McGovern Institute For Brain Research 
“The MeGoven nt or Bain Research at MIT sang to tact 
Imombers tte Acs Probar Assocal Poesy cr Professor vet 
Tho McGovern nsaes gar! oss isin ystems neurosonce wth at 
‘imple on ho rer bass ot prepa cogrton. ad ston Wo are 
Seoung two candtes wth arererch oc any ase wears, 
ting human sects andthe ore ag anal model We wal regs 
saps he canddatos work brides nets wing a vary cts andor 
the candle were terested rangatng base resar finargs to new 
Ides fo sting be panephyooigy or teamnert of bain aa 
“Te mason ofthe ME Gover Int iso undead ne atonstip of 
newoal processes, ercuts and compators te beravor Uma pei 
‘ena o human haath ard wotare Resoaren nthe McGovern rato 
‘epcted io hap peop win ban Gsordrs npg tam sensory oye 
Impaiments omovenert orders and motor and coprte Sco 
MeGovem Istte scents have mary porns fr caiaboraton 8 
{ers and eutig edge envrnmort tial o S505 sta ved to 
‘cry anew balding. when cue a bran mapeg cee br ran 
Schiele and ma 
Aoplcats shuld st a cureum vie, a summary of caret ard 
Droposed reaarch programe, and oud sarge br bse ters of 
‘ecorenendaton obo srt slaronealy (prefers POF] re Meovern 
instte Seren Conmise ate flowy eat adaeee 
AleSoveminaitteSearc@imitedu Pass natn whic ofthe two postions 
ro appying brn yout cove le Conseraton of ppicaton wa bog 
Snir 2007 Fr noe rlomaton onthe Mesos pease vat 
‘ur wabst at hpi ed megoern 
IT san Altmathe Acton ua! Coportnty Emplyee 
united woren and met canis we espeyencouTges 1 are 


HEMATOLOGY-ONCOLOGY 
PHYSICIANS 


‘St Joe Children's Research Hospital i seeking hematology-oncology 
[physicians w provide patient care and participate in ongoing clinical 
Imvexigatios for chikren with hematological dsonlers. Canaates 
sould have MD (or equivalent) degrees experince in patient diagnosis 
and management, anda background i clinical tal eating 
Ibematalogy and/or oncology. Opportunities for laboratory-based research 
‘may also he availble Associations with the University of Tennessee 
Heath Science Center Collegeof Medicine and the Department of 
Pedstrice at Le Bonheur Chiten's Medical Center provide opportunities 


ia ck 
pays trerenteslen ly St. Jude Childrens 
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Functions of Sir2 


and Nuclear Receptors 
Research Tangle Park, North Caroling 


Postdoctoral postions ar available immediately inthe Laboratory 

of Signal Transduction at the National Insitute of Environmental Health 
Sciences (NIEHS), a major research institute of the NIH located in 
Research Triangle Park, Noth Carolina, NIEHS offers an outstanding 
research environment and as been constant rated by he Scientist 
as one ofthe best places for pst-docs to work. 


‘Our research is focused onthe roles of NAD+-dependent protein 

ase Sir and corresponding post translational maication 
ptorsin aging and age-associated diseases. We have 

iT, Pel peedlpnidle GO sernclctaed 

tylates Liver X Receptors (LXRs), this regulates ther transtip- 


We seek highly self-motivated individuals who have a strong background 
ing and transcriptionaltranslational regulation, and are interested 


in aging research. Experience with mouse 

‘models isa plus. To. apply, please send a Ge 
cover letter, CV and isto three references ¥e@ 
to Dr.Xiaoling Li at email: = 


lxgGhiehsni.gow. 


‘Tenure/Tenure-Track Investigator in HIV Research 
Laboratory of Molecular Microbiology 


boratory of Molecular Microbiology (LMM) is seeking a viral immunolo 

1re-track (assistant profesor) position fo develop an independent research 
program focusing on the immune responses wo primate lentiviuses. Candidates should 
have an M.D, Ph.D. or DVM degre. The ideal candidate will hve extensive reseaeh 
accomplishments in viral immunology in te contest of primate lenivius pathogenesis 
and vaccine development, 


This position provides acess to modem research facilities and technologies inchding 
ow cytometry, DNA sequencing oligonucleotide and peptide syrthess. confocal light 
microscopy, microarrays, proteomics, and mass spectrometry. AGompétiive feral salary 
and benefits package will be provided, along with an operating budget for equipment, 


supplies, and staf 


Questions about this postion can be sent to Dr. Malcolm Martin at malm@nihgov. To 
apply. submit a curielum vita, bibliography and 2-3page description ofa proposed 
research progam. preferably via emai to Ms, Felicia Braunstein at braunstinfa 
ia.nihgov. In dition, thre lees of recommendation must be sent to Ms. Felicia 
Braunstein, NIAID, NIH; Bldg 10, Rm. 4A31, MSC-138¢; Bethesda, MD 20892- 

plications must be received by February 2% 2007. Please note search #007 
in all correspondence. Applicants wil be noid by e-mail or phone phone when their 
applications are received and complete. 


Please se our web site at http://www niaid.nih.gov/dir/labsmm.htm fr information 
about current LMM principal investigators and their esearch inert. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


NIEHS Staff Scientist in Protein Biochemistry 
= Research Triangle Park, North Carolina 


The Labortery of Signal Transduction atthe National state of Environmental Heath 
‘Sciences i recruiting asta scientist nsuppotofthe Transmembrane Signaling Group 
beaded by x Lz embauex Theincurbent wl oversee group effin sting molecular 
‘mechaisns inated inte acivaton of proteins by quae nucleotide exchange factor, 
the interaction of engineered hodpins with vansducn extracted 
rom mammalian reinas. The selectee wil be expected to personaly execute 
‘experiments, oversee upto thee technical support personnel and tain and supervise 
‘yup graduate students end postoctorl fellows in the conduct of this ara of research 
The successhul candidat is expected to work wth minimal guidance, cary the research 
topubhshable tages and workonthese and other projects as defined by the group leader 
(Moninun qalfcatons include a doctoral degree, successul complain of postdoctoral 
tring record ol publications and strong backround in protein purficaion techniques 
_and analyse of enzymate and physicochemical properties of mammahan and 
recombinantprtens. 
Fe adétion infomation, contact Dr. Lite Binbaumeratbimbaut@riehs.ih gov, For 
‘d6itonal infomation concerning the research projects an pulcatos,vistthe folowing 


websted imbaumechin, Appicatons fram women 
and mnoribes are ‘encouraged. To. apply, submit a curriculum vitae, bibliography, 
‘bet statement of research interests and arrange fo thre ltrs of ecommendaton to 


‘be sert by March 16, 207, to the adress indicated below. Appcatons received ater that 
‘ate willbe considered as needed: 


‘Mc Walliams (OR-0742) 
‘National nsautes of Heath Nationa astute of Environmental Heath Sciences 
PO, Box 12238 Malkirop A2-05 «111 Alexander Dive, Room A22 


are LS. 
eons = 


The NIH Director's Wednesday Afternoon 
Lecture Series 

Biomedical sekeitists around the workdiareinyited to join us online to 

[present their latest resulis to the NII Intra: 

mural Rescarch community. Lectures may be viewed live at 3:00 pan, 

EST (20;00 GMT) on WedaeSday's, from September through June, Live 

abe viewed under “Today's Events” at: <hitp:/videooas 


sthedulg{6f lectures is available at: <hutp://www 1.od.nih, 


uary 24: Robert G. Griflin, MIT, Cambridge, MA: Solid State NMR 
‘Membrane-and Amyloid Proteins 


fa Franzini-Armstrong, University of Pennsylvania: 
jum Release Units of Skeletal and Cardiac 


anvary 31: C 
Interactions in 
M 


February 21: Mare G. Caron, Du 
GM ling P. in 


University Medical Center: Novel 
nal Models 


+February 28: L. Mahadevan, Harvard University 
Mechanics and Motility 


Math 


Tenure-Track and Tenured Investigator Positions ks 
in Systems Immunology and Infectious Disease Modeling € 


‘The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Research (DIR) is secking several outstanding individuals for its new 
Program in Systems Immunology and Infectious Disease Modeling (PSIIM). 


“Modern technology allows the analysis of immune responses and host-pathogen interactions at multiple levels—from intracellular signaling networks, to individual 
cell behavior, to the funetioning of a tissue, organ, oF even whole organism. The challenge is not only to collect large amounts of data, but also to organize it in a 
‘manner that enhances our understanding of how the immune system operates or how pathogens affect their hosts. To do this. we need to develop detailed quantita 
tive models that ean be used to predict the behavior of a complex biological system. These models can help to explain the mechanisms underlying physiological 
and pathological responses to infection oF vaccination, which can then be exploited to desigmibetter therapies or vaccines 


Achieving this goal requites an intedisciplinay effort anxtt@uhis end the PSIIM will beonstnized as. an inteted team of scientists and suppor staff with expertise 
in computational biology bioinformatics, proteomics, cll biology immunology. and infectious diseoses.rathcr than a a group of independent laboratories. These 
teams will have access tothe latest technology fof gene-expression profiling. high-content screening Of RNA\ libraries for the discovery of pathway components, 
imaging tools, cores forthe genetic manipulation of animals and for proteomic analysis, and substantial compterifrasttucture, BSL-3 facilites for working with 
hhigh priority pathogens wil also be avaiable, 


Although the PSIIM has been establish Within NIAID and has an immune system infectious disease focus, we exict it to foie the growth of systems biology 
efforts at other NIH Institutes, primarily throughtthe development of new software jogs for complex systems modeling and methods for high-throughput screening 
‘Thus, PSIIM team members are expeeted to interdct extensively with other NUH Scientists and with extramural groups in the U,Seand abroad who share our interest, 
ina systems approach to biology 


‘The PSILM is now recruiting fr tenure-track or tenure level team leader appolntmentsin three key areas: 


‘Computational Biology: The fncumbent Will lead a group focused on the developmsat and improvement Of sofware tools for mifiséale modeling and simula- 

tion that can be used by the PSTIM as, wellas by biologists interest in subjects other than immunity oF infectious discases. The ideal candidate will have a strong 
mathematics, physies, and computer programming, anda clear desire ana ability to interact withand support theefforsof biologists. A demonstrated 
ate computer soflWire tools for biologieal modeling Will be a strong plus 


Molecular/Cell Biology: The insumbetit Will cud a group tavolved in the design, implementation, and interfetation of screening efforts wo idemiy and deter 
the interactions among the compatients in sigaaling networks that could then be modeled using the software generated by the'eomputational biology team or 
‘obtained from other sources. Discovery tools such as gene array; high-content image-based screens using RNAi methods. Various protein-protein hybrid screening 
methodologies, and optical imaging are expected to be key elements in the efforts of this group, A strong back ground in basic cell biology and molecular biol 
with experience in analysis of protein-protein interactions, signaling andor gene regulation is required. Expertise in large-scale screening is highly desirable 


Infections Diseases: The incumbent will be SPOR for developing novel approaches to systems-wide analysis ofthe interaction of infectious agents and their 
hhosts. These may include the use of gene-expression signatures, the proxtuction of gene-modified animals, the developmett of methods for in vivo testing of the 
predictions of models, and the use of sophisticated imaging and other tools for probing the interaction of pathogets and host cells in vitro. A strong background in 
Viral and/or bacterial infectious diseases anidcell abi! miolevUlar biology are necessary; training in the imsfiunology Ofinfectious diseases and substantial biginfor- 
‘maties experience are highly desirable. 


“These positions and the research activities they conduct re Fully und by the intramural researchprogram of NIM. Ech team leaders expected to build a working 
group consisting of postdoctoral fellows, taf sciemsts technicians, and dents. The Yea leaders will work with the program dirctor oh set the goals forthe 
PSIIM and to dstemine how best o reach these goals as am integrated yrogp. Ta ensue appropiate Career trajectories for those joining the PSIIM team, the NIH 
has modified its tenure decision policies to encourage and account for contributions made sh such a team scicace sting. Applicants should be secking a dificult 
challenge in which esativity, echnical expertise, and a song desire to achieve in a eam environment ae entical for success. 


Interested candidates may contact Dr. Ronald Germain, Program Director, PSIIM, DIR, NIAID at 301-496-1904 or rgermain@niaid.nih.gov for additional 
information about these positions 


‘To apply, submit your curriculum vita, bibliography, and detailed statement of how you can contribute tothe success of the PSIIM program to Felicia Braunstein 
at braunsteinf@niaid.nih.goy. In addition, three letters of reference must be sent directly from the referee to Dr. Robert Hohman, Chair, NIAID Seareh Com- 
tmittce, c/o Ms, Felicia Braunstein, DIR Committee Management Team Lead, 10 Center Drive, MSC 1386, Building 10, Room 4A31, Bethesda, Maryland 
20892-1386. Completed applications MUST be received by February 16, 2007 for computational biology, and March 16, 2007 for Molecular'Cell Biology as 
‘well as for infectious diseases. Please refer to ad #012 for computational biology, #013 for molecular/cell biology, and #014 for infectious diseases on all cor- 
respondence. Further information on these positions and guidance on subwnitting your application are available at http://healthrescarch.niaid.ath.gov. For more 
information about the NIAID systems biology program, please vist https/www.nih.gov/catalys/2006/06.09.01/pagel htm! 


RESEARCH IN LUXEMBOURG 
NEW RESEARCH GRANT 


Fecherche 


CALL FOR CANDIDATES 


ATTRACT PROGRAMME 
‘Opportunities for Outstanding Young Researchers in Luxembourg 


What is it? A programme by the National Research Fund Luxembourg which 
offers outstanding international researchers the opportunity to set up a research 
team within a public-sector research institution in Luxembourg. 

How does it work? Candidates jointly submit a project proposal together with a 
Luxembourg public-sector research institution. The Fund chooses one candidate 
per call. Funding is allocated for five years and projects may require up to 
EUR 1,000,000 as a contribution from the Fund. Host institutions will offer 
candidates the prospect of integration in the medium and possibly long term into 
their activities. 

Who may apply? Candidates must be excellent and must have gained a 
‘minimum of two and a maximum of eight years’ professional experience since 
successful completion of doctoral studies. The fields of research targeted are 
those prioritised by public-sector research bodies in Luxembourg. Exceptionally, 
research in other areas of proven relevance to Luxembourg may be included. 
Interested? A list of Luxembourg research institutions and potential research 
domains can be found on our website wwf. 


Calll Deadline: 
15 March 2007: Submission of deciarations of intent 
1 June 2007; Submission of full proposals 


For further information please contact: 
(Mrs Ulrike Kohl, Programme Manager 
Phone : +352 26 19 25 32 
E-Mail: ulike.kohl@fne.lu 
www inet 


NEUROSCIENCE 
RESEARCH 
FELLOWSHIPS 


Applications are invited for three Neuroscience 
‘esearch fellowships t the Abert Einstein College of 
Medicine, These fellowships provide an exceptional 
‘opportunity for M.D.s to engage in ful time research 
for twelve months under the guidance of lading 
experts in the field of neuroscience. The fellowships 
provide a hase stipend of $71,507.00 (unlicensed) 
per annum, with the possibility of reneval for a 
Second year on a competitive basis, 


Requirements: Applicants must be US citizens or 
permanent resident M.D.s who have passed USMLE 
parts {and Il, or ECFMG, Preference will be given 
to applicants with prior research experience, and 
those who foresee a significant research component 
In their career 


Application procedure: Applicants should identify 
Secure the sport of ane or more potential 

from the neuroscience and psychiatry faculty at 
‘ABCOM. The is of faculty with primary and secondary 
Sppointments in the Neuroscience Dept may Be st 


bitte kennedyaecomyu.edulneuroscence! 


Two letters of recommendation, 2 two page 
description of career goals and plans for the 
fellowship, and a letter of support fom the potential 
‘neuroscience faculty mentors) should be' sent, by 
April 1, 2007, te De Donald 8. Faber, Dept of 
Neuroscience, Abert Einstein College of Medicine, 
1410 Pelham Parloray South, Bronx, NY 10461, 
The successul applicants willbe notified by Apri 30, 
2007. EOE 


ALBERT EINSTEIN € 
& 


(@ § COLLEGE OF MEDICINE 


avenger, ling carer 


Top 100 Hospital expanding in Central Texas 


Endowed Chair in Pediatric Research 
Scott & White Health System 
‘Texas A&M System Health Science Center College of Medicine 
‘The Children's Howpta at Scat & White and The Texas ARM System Heath Science 


univers with 1 52788- 
Cntr Coleg t Medea svg a ateraly meagre msec crt Pe bot spemibiereuansnte Retearee-ot7 
hole of te aetine Baad Endowed Cha pede each Apart sa be 

eccomplished investigators (PRD. MLD. oF MD/Ph.D.) at fe associate or professor level with ‘opportunities, — Feed Term Contract for 2 years 

iret errata prover ached bane ca nr Yr each {estrat research ard its 

The sutcesshd candidate wil jon an expan fauy win a Lge academic Peaeare ‘commitment tothe local Yo, wit work on the development and 
tt The her ly rca acing an pang ena acts commun ot ator at Be 

Dost Sea, doe etabaton wn reskin eek ak and er aoptcation of Bayesian methads in 
(experts cot biclogy. genomics and proteomics, ‘The University Valves Bonformatics and Systems Biology. 


‘The Chitrers Hosp at Sint A White serves alae cecal tase Routt Crt Teas. 
‘There ar cuttandrg crcl prcten an abrir fates on carpus at prem ste 
the at meena’ and colar logy tetiques. ow ofomery.prtomics ad gecomcs 3s 
el os Dae! gor series. Animal stray tees nce areas lo pert 
medal and sia proms, Labor space and an acerca tartop package rhe 
hae ler wl be powded. The Scot & Wht Heathcare syste i neo the gest mu 
Speci rieyated deter sysers ine naten. Scot & White the pemary cnet ard 
hosp leachg carpus ore Calepe ct Medce. Academic appears a be asscete 
ad pokessr level rough he Calee of Medene are conmersirae wih qualeaters ar 
expeneoe 


THE UNIVERSITY OF — Warwick 


ey TS | | warwick 


Warwickis one of Britain's £24,161 ~ £31,525 pa 


1ems Biology Centre 
Research Fellow in 


Bayesian Methods 
in Bioinformatics 


You should have a Ph.D. in 
Computational biology or a relevant 
Quantitative field such as theoretical 
physics, engineering, applied 
mathematics, statistics etcanda 
strong interest in molecular biology. 


Inerested candies stout send a copy of ek criedn vite, eter adeseg thee 
(gaia ad a it of 3 nvtuals wo can rode rerences wo: Doe P. Wilson MO. 
Chair, Search Comite for Josephine Ballard Centennial Chair in Patric Research: 
airman, Department of Pedic, 2401 South 3st Steet, Temple, Texas 7605, 254. 
724-4363, ox 754 7DL1938, anal: dwisonGiwmallsw ory. 
Sct & Wim sa wal ero eoye_ Fer wre oon 
‘nrg Seat Wh ae he ns A Sp a Soe or 


YBtee ag Snr pepo mnt ceo 


Gespital Q4 amc 


Application packs are available from Personnel Services on 
028 7652 3685 (24 hour answerphone), by email: 
recruit@warwick.ac.uk, our website below or 
wvew.jobs.ac.uk/warwick. An application form MUST be 
completed if you wish to apply for this post. 


Closing date: 19 February 2007 


pww.warwick.ac.uk/jol 


'ULTY POSITIONS 


MASSACHUSETTS. 
GENERAL HOSPITAL 

{s recruiting faculty in Sarcoma Biology for a 
nevily created, mult-diseiplinary lab within the 
Department of Orthopaedic Surgery (faculty 
member of Harvard Medical School). Post 
Doctorate o Instructor Level postion is aailable 
specifically focused on the basic understanding 
and manipulation of sarcoma cells to provide 
detailed analyses of sarcoma by micro array 
analyses inthe hope of providing new insights 
to drug development. Interest ~ mechanism of 
drug resistance by sarcomas. The incumbent 
‘would interact with industry in the develop- 
mient of new chemotherapeutic drugs and with 
‘scimtists in Radiation Oncology, Pathology, and 
Surgical Oncology. The Onthopacdic Departnent 
research program emphasizes the biology of se 

lal tissues with a focus on osteoarthritis, bone 
defects, healing, and bone tumors. Tis recruit 
‘men prioritizes basic cell biologi investigation 
as a base for translation into practical applica 
tions in human disease. The centers participate 
fully in the Dana Farber Harvard Cancer Care 
Iniatives or mission and graduate programs: the 
laboratory ison the MGH main campus. We are 
sccking Ph.D. scientist witha proven track record 
of innovative, interactive research 


Candidates should send a letter of inter 
cluding rescarch plans, C.V. and 3 leticrs of 
support to: Dr. Francis H. Mornleek, M.D. 
Ph.D., Department of Orthopaedic Surgery, 
Massachi 

Street, YAN 

Lmencill@ partnersaorg. 


al e © Nn CHIEF SCIENTIST 
‘The National Ecological Observatory Network office (NEON: 


www:neoninc.org), managed by the nonprofit NEON Corpa 

tion (NEON lac.) hasan immediate opening fora full-time Chief 
Scientist to oversce the development of NEON’s scientific capabilities. This postion will be based in 
Boulder, Colorado with the potential to start as soon as 1S February 2007 


NEON is a Major Research Equipment and Facilities Construction project being developed for the 
National Science Foundation. The goal of NEON, Inc. isto deliver a continental-scale research instru 
ment consisting of geographically distributed and networked infrastructure, including lab and field 
instrumentation, site-based experimental infrastructure, biodiversity archive facilities, and computational, 
analytical, and modeling capabilities 


JOB DESCRIPTION: Reporting to the Chief Executive Officer, the Chief Scientist shall lead NEON’ 
‘guidance for the management, design, and development of the 
infrastructure. This effort includes but is aot limite to: (A) Ensuring that the science undertaken 
bby NEON is founded on the best and most current scientific understanding, (B) Ensuring that NEON 
scientific capabilities are translated into a robust networked infrastructure, which requites working with 
the NEON Facilities Manager and each of the twenty lead Domain sciemtsts to deploy the scientific 
infrastructure across the Nation, and (C) Ensuring that NEON scientific capabilities are supported by 
NEON’ scyberinfastructue, which requires working withthe scientific community to define data colle 
tion protocols, QA/QC protocols (for both instruments and field campaigns), and data product algorithms. 
The Chief Scientist shall also work closely with NEON’s cyberinfrastructure partners to translate these 
data requirements into system design specifications 


SKILLS, EXPERIENCE, AND QUALIFICATIONS: The successful candidate should possess PhD 
‘degree in a related field. The candidate should have 10 years professional experience ina leadership role 
\ith substantial supervisory responsibilities. Experience in research on lage scale ecological processes, 
a demonstrated ability to lead large collaborative scientific efforts, and prior experience working with 
cyberinfrastructure specialists to develop sciemific data systems isa plus. Strong communication and 
imerpersonal presentation skills are key. owing to the extensive interaction across a broad range of 
individuals with diverse scientific backgrounds. 


‘TO APPLY: Applications will be reviewed stating mid February 2007. This postion will remain open 
until illed. Travel will be required and salary is commensurate with experience. This isa full-time, 
salaried position subject to the continuing availability of NSF funding. Benefits include health care, 
paid vacation, and retirement plan. Send cover letter, resume, salary history, and 


to: NEON Administrative Director, atta, NEON Chief Scientist Search, AIBS, 1444 Eye St. NW, 
Suite 200, Washington, DC 20008; FAX; 202-628-1809; bwee@aibs.org, 


TION: 


ULTY PC 


7 
Massachusetts 

UMASS Medical School 
FACULTY POSITIONS, DIABETES CENTER 


The Diabetes Center at the University of Massachusetts Medical Schoo! 
invites applications for JUNIOR TENURE-TRACK and SENIOR TEN- 
URED faculty postions. This newly established multi-disciplinary Center 
seeks basic scientists and physician scientists with research experience rel 
‘evant tothe fields of either type | or type 2 diabetes and metabolic disease 
The Diabetes Center seeks to build upon its substantial diabetes clinical and 
research program to enhance its leadership in developing innovative clin 
cal care and discovery of new therapeutic modalities. The Diabetes Center 
‘will be housed in a new building designed to integrate clinical service and 
research activites performed by teams of outstanding faculty. There is pat 
ticular interest in strengthening the areas of beta cell biology. autoimmunity 
and clinica studies on mechanisms of metabolic abnormalities in humans. 
Faculty appointments will be made within the Department of Medicine or 
‘other Clinical and Basie Seience Departments as appropriate 


The faculty positions will e highly competitive with regard to start up funds 
and guarantced salary for upto years. Faculty recruits will have fll access 
to the outstanding scientific environment atthe Medical School, including 
‘extensive Core facilites that support work in genetically modified animals, 
‘genomies/proteomics, bioinformatics, imaging. RNAi and small molecule 
screening. Emphasis in reeruiting will be placed om translational research 
and particularly attractive packages will be available to clinical researchers 
‘commited to this focus. 

Applicants should send curriculum vitae, statement of research interest, 
‘and names and addresses of three references to: Dr. Aldo Rossini, Director. 
‘or Dr. Michael P. Czech, Search Committee Chair, Diabetes Center, 
University of Massachusetts Medical School, 373 Plantation Street, 
Suite 100, Worcester, MA 01608. 

The University of Massachusetts Medical School is ant 
Equal OpportunityAfirmative Action Emplover. 


PURDUE 


UNIVERSITY 


Head, Department of Physics 
Applications are invited for the postion of Head of the Department of 
Physics at Pardue University from dynamic individuals with creative 
vision and am outstanding record of research accompli 
“partment. one of the sven departments ofthe College of Science, has 
‘over 50 faclty members, with active research prograns in astrophysics, 
accelerotr mass spectrometry, biophysics, condensed matter physics, 
tlementary particle physics, geophysics, nanophysis, nuclear phys: 
ies. sensor technology, and physics education, Department facil 
ave involved in Univetsityewide maltdisciplinary research through 
Discovery Path, a group of imerdisciplinny rescatch centers https! 
dlscoverypark pardeeadalwpefpertal and the College 
srormacience purdueedu, The department simplemente static plan 
{or futare growth sopportdby tbr higher administration, Frei orna 
sion out departcnt car be ound at p/w. phys purduc eda 
The seccestfel candidate will have an outsiaading record of scholarly 
achievement commensurate withthe rank of fll profesor at Purdue 
exceptional and proven leadership qoaities and adinistraive bi 

vinta ofthe re ofthe pric depaoeat a the univer, sate ned 
nation and th skillet communicate it In aiion toa strong research 
roman, we sock a commniuneat to tesching excellence, and a com 
tien to diversity. Qualified persons should sabait alter of sppbstion, 
‘esearch sintement, aching statement, a vision satement, and complcie 
cruvialem ve twih addesses and eiailaddreates of four references. 
Review of applications will begin March 15,2007 and will continue wl 
the position i filed. Sad applications, norninations and ines wo: he 
scarcha physiespurducedu ard copy applications may be sen: Lan 
Shipsey, Head Search Chair, Department of Physics, 25 Northwestern 
Avenue, Purdue University, West Lafayette, IN 47007-2036, 

Parcve University xan Equal Opportunity/qual Acces firmetiv 

Action employer commited to building adverse fculty of excellence 


ScienceCareers.org 


Cancer Therapy & Research Center 


Director 
Ivstrute FoR Druc DeveLopment 


The Institute for Drug Development 
(IDD) seeks an experienced, decisive, 
and enthusiastic physician’seientist to 
fill the position of Director. The Director 
will have the primary responsibility for 
refocusing the IDD forthe opportunities 
of the next decade of cancer treatment 


strengths in the P 


translational research that informs and 
enriches drug development 


The Institute for Drug Development 
is a key research unit of the Cancer 
Therapy and 


with the University of Tex 
Science € \ 
San Antonio Ca 

designated cancer center located at the 
South Texas Medical Center. Founded in 


1991, the IDE wn to become the 


contracts, clinical 
tions, community phi 
lanthropy, and investments, Coupled 
onal capabilities, 

foundati 


The successful candidate will have an 
M.D. or M.D/ Ph.D. with a sustained 
record of peer reviewed funding by NCL 


develop the talents of others in support 
of the Institute's mission. 


Kom/Ferry International is as 
Cancer Therapy and Res 

with this important search. Please for- 

as soon as possible, nominations 

ate candidates or expressions 


Get the experts 
behind you. 


wwwScienceCareers.org 


* Search Jobs 
* Next Wave 


‘row pat of ScienceCareers. og 
* Job Alerts 


* Resume/CV 
Database 


* Career Forum 
* Career Advice 


* Meetings and 
Announcements 


* Graduate Programs 


All of these features 
are FREE to job seekers. 


What’s 
your 
next 
career 
move? 


www.sciencecareers.org 


* Job Postings 
© Job Alerts 


© Resume/CV 
Database 


© Career Advice 
from Next Wave 


* Career Forum 


© Graduate 
Programs 


© Meetings and 
Announcements 


We know science VAAAS 


| want to be part 


of an INNovative 
workplace. 
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From life on Mars 
to life sciences a 


For careers in science, 
turn to Science 


if you want your career to skyrocket, visit of Science, the premier scientific journal, and 
ScienceCareers.org. We know science. We are the long experience of AAAS in advancing 
committed to helping you find the right job, science around the world. ScienceCareers.org is 
and to delivering the useful advice you need. the natural selection. 

Our knowledge is firmly founded on the expertise www.sciencecareers.org 


Features include: 

* Thousands of job postings * Resume/CV Database 
* Career tools from Next Wave® Career Forum 

© Grant information Be ew steer: 


ScienceCareers.org 


Scientist 


x Sunnybrook 
Positions 


The Sunnybrook Research Institute (SRI) at Sunnybrook Health Sciences 
Centre invites applications for both senioe and junior positions. Applicants 
With competitive research programs in the molecular, cellar, oF genetic 
basis of disease, systems biology, developmental biology, cellular signaling 
or inflammation, must holda Ph.D. andor M.D. degree. havea strong record 
of research accomplishments, and be eligible for academic appointment at 
the University of Toronto, 


Fully affiliated with the University of Toronto, the SRI is comprised of four 
31 Epidemiology, Clinical integrative Biology, 
ellular Biology {www sunnybrook ca/research 
With annual extramural funding of more than S8SM, research activity by 
the 180 faculty at SRI is housed within 250,000 59 ft. of state-of-the-art 
research space, with 130,000 sq.ft of new space tobe completed by 2009. 
‘SRI offers fll salary, benefits and pension plan, and provides excellent core 
infrastructure suppor including: facilities for imaging, histology. hybridoma 
prediction, flow-cytometry and seanning microscopy, proteomics, genom 
ics, transgenesis and gene targeting. A major centre for graduate education 
through cognate University of Toronto Departments, there are over 200 
graduate students and postdoctoral fellows currently training at SR. 


Researchers within the Discipline of Molecular and Cellular Biology are 
intemationally competitive in areas including the analysis ofthe genetic and 
biochemical bass of: immune system development, oncogenesis, cell signal 
ing, cell eycle regulation, disease susceptibility, angiogenesis and vascular 
‘modeling, and imaging guided early detection of cancer. 


Curriculum vitae and details of research activities can be submitted electron 
cally or by mail to; Daniel Dumont, Ph.D., Director, Molecular and Cellu- 
lar Biology, Sunnybrook Research Institute, 2075 Bayview Avenue, Room 
‘2-18, Toronto, Ontario, M4N IMS; dan.dumont@ sri.utoronto.ca, 
Sunnybrook Heulth Sciences Centre and the University of Toronto are 
‘committed to employment equity and welcome applications from all 
{qualified women and men, including visible minorities. aboriginal people 
‘persons with disabilities, and persons of adversity of sexta oriemnation 


GRANTS 


European Commission 6" Framework Program 
EURASNET 
Network of Excellence (2006-2010) 


LLL G 4 
sort raawore 
ProcnAiiee 


Open Call for the Young Investigators Program 


30 European Scientists have established EURASNET, the 
European alternative splicing network. EURASNET is a 
Network of Excellence consortium within the 6% Framework 
Program(EP6), and 
splicing. To promote new groups working on alter 
splicing, EURASNET will include five Young Inves 
Teams. They will have full access to EURASNET activ 
and a three-year research grant totaling 120,000 €. Applicants 
should be within their first three years of independ 
atthe time of their application, hold a position in an institute 
ble for FP6 funding. and be willing to contribute towards 
the Joint Program of Activities 


(egrates European re 


Deadline for applications: Mareh 7, 2007 


For information about EURASNET and how to apply. please 
direct your browser to: 
wwwcurasnetinfo 


PROJECT DIRECTOR 
Ref: ESSPD 


The ESS-Bilbao Consortium representing the Spanish 
candidature to host the European Spallation Source 
in Bilbao, Basque Country, Spain, is searching for a 
PROJECT DIRECTOR. A professional in the field 
of Neutron Physics and Engineering and/or Neutron 
echniques with an established record of 
accomplishment and leadership 


© ESS-Bilbao Consortium is a newly established 

ation created with the mission to promote and 
consolidate the Spanish candidature to host the European 
Spallation Source in a scientific, technical, economic 
and administrative way 


¢ Project Director will be responsible together with 
Executive Committee President for ing the 
consortium goals, He/she will be involved in the pro- 
motion and coordination of the candidature and will 
oversee organization, as well as the implementation of 
echnical issues alongside with establishing 

al collaborations. 


ie fora highly qualified person with proven 
experience in Neutron Phy nd Eng and/or 
Neutron Scattering Techniques research, Experience 
ational managing teams and understanding 
pment functions and procurement funds are 
essential, ideally with an international network of 
contacts. 


Excellent command of English is indispensable, both 

n language is an 

xd presentation and communications skills. 
Knowledge of Spanish is not a requirement 


The ESS-Bilbao Consortium offers a challenging posi- 
tion and salary depending upon proven experience. 
Applicants should forward their CV and contact infor- 
mation for two referees by February 28, 2007 by post 
mail or e-mail to: 


Ms. Cristina Oyén 
REF. ESSPD 
Parque Teenoldgico de Bizkaia 
Laida Bidea Ed 214 
E- 48170 Zamudio 
SPAIN 


inaoyon(@essbilbao.com 
ao.com/html/Employment 


ESS- Bilbao Consortium is an 
Equal Opportunity Employer. 


FACULTY POSITIO? 


DIRECTOR 
Proteomics Core Laboratory 
Candidates are sought for the postion of Prot 
imigs Core Laboratory (PCL) Dirgctor in the College 
of Medine at the University of Toledo Health 
Sciences Campus (ormerly Medical Univenity of 

icants must have an MS. or Ph.D. in 2 

Felevane Beld, and direct experience with elect 
pPhoretc methods of protein separation, guid chro 
Matography, and maw spectromenic anabis of 
proteins induding sequence. detemmination. Esp 
Fence with antigen-aneloody” ary proteomic 
{qvantifcaton wil be considered an advantage. The 
Stccesul applicant wil aise University researchers 
in planning” and. intempreting. protcomics-based 
Projects and oversee wally operations ‘of the PCL 
ching. supervision ‘ofa technician. Candsates 
‘with an independent research program could be 
Considered for Gculy rank ia an approprate scr 
demic department, The PCL i located in brand new 
laboratory space and includes a MALDI-ToF and an 
iontrap tandem mass spectrometer, website: 
hetp:/7hsccutoledo.edu/slepts/bioinfo/<ores/ 
protinirohaml Sen uric isc that spe 
Elly inches a description of reevane experence, 
over letter, and comact information (inl 
Telephone nintbers and e-mal addrewes) f 
referees, Mater should sent to: Proteomics Core 
Laboratory Director Search, c/0 Ms. JoAnne Gray, 
Froprem x Blotstormatcs ond Proteamice? 
Genomics, Room HEB-121, University of Toledo 
Health Science Campus, Toledo, OH 43614. 
584; or emailed to mall jgray@meduohio.edu, 

Ingurs may be arose to the Program Direc: 
tor, email bers blumenthal@utoledovedu. 


HARVARD MEDICAL SCHOOL, 
Children's Hospital Boston 
POSTDOCTORAL or INSTRUCTOR level 
positions to study the impact of inflammatory path 
ways-on the development of pulmonary hyper: 
fension and. cardiopulmonary pathologies 
animal models of lung disease and stem cell-bas 
interventions. Applicants should have a Ph.D. 
‘equivalent degree andl fluency in English is essential 
‘Strong background in molecular biology, stem cells, 
‘oxidant stress, inflammation, oF histopathology is 
highly desirable, Send curriculum vitae, a beet sum: 
mary of research interests plus thece references to 
‘Stella Kourembanas, M.D. 

‘Clement A. Smith Chair of Pediatrics, Chief 
Division of Newborn Medicine 
Children’s Hospital Boston 
300 Longwood Avenue - Enders 960 
Boston, MA 02115 


I: stephanie.giannetto@childrens, 


OF em, 
harvard.edu. 


(CHILDREN'S HOSPITAL 
Harvard Medical School 
Division of Respiratory Diseases 

The Division of Respiratory Diseases is searching 
fora BASIC SCIENTIST (Ph.D. M.D. or M.D? 
Ph.D.) to establish a laboratory investigating link 
ages between adipocyte biology and inflammation 
The succeatal cancidare will vc an camblshed b- 
terest in this of other emerging. area of inflamma 

on biology. Rank will be ‘commensurate with 
fesperince, and a gsnerous recruitment package is 
Sealab, The Chiklren’s Hospital is tn the heart of 
the Longwood Medial Area and Harvard Medical 

hoo and isa resource-rich collaborative environ 
ment, Women and minorities are encouraged 
Spit to: Prof. Craig Gerard, Chair, Search Com 
mittee, 300 Longwood Avenue, Boston, MA 
O2118 (e-mail: craig,gerard@childrens harvard 
edu), Letters of ference rom atleast three sen 
{avestigatore should accompany the application. 
Ghlden's Hotel an Ejual Oppotmiy Employer 
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MOLECULAR GENETICIST/BIOLOGIST 
ASSISTANT PROFESSOR 

“Tenure Trach, Asdemic Year 100 Percent 

The Department of Biology, Univenity of 
WoconsiacLs ‘Crome, invite aplications fn 
donc yet, senuresack poston a the level of 
‘Aseunt Prokwor, The sucoafl candstae wil 
teach pects or cl ology, and develop a coune 
ip hess ana of capone (jopebtien gooey 
molec cecleion, gear Faia wanes 
Ss doe) Appar ast ave © strong coms 
mite ro undergraduate education. AD. im 3 
Flologial iene required. Some revo teaching 
‘Sipstnce m desi Soccewl candace wal be 
‘ipectad to develop an extemally fred esearch 
progam and dict undergraduate and. graduate 
(31S) macach, Acaomic year sly compete sod 
Commcnsiste wit cxpicace, Seat Angus 27, 
3007, Appice should saben itr of appction, 
‘inialach vese, sanenenns of waching folomphy 
fool research intern pote sal Oops 
transcrip and vce kite of recommendaton 
Dr. Mark Sundhcinich, Department of Biology, 
University of Wiconin-La Crome, La Crome, WI 
S401, Appikatons mune be reve by Marc 30, 
2007, an Cestonappcanons wil athe scope 
fst Apenae dei ped Onno te 
Unteeiyf Wier Coe ed trang het 
kate Where's mere weet tomer rey oa 
tutto Nowe, en fr, and nec 
ky ened a. ou hae el me 
coomendate tall yor ecg now Men pe, 
pese tat Mark Sari (ool: seed 
(ceva. a yar cog. 


ASSISTANT PROFESSOR 
Division of Research 
Department of Pathology 
Louisiana State University School Health Sciences 
‘Center, Shreveport 

The Division of Rescarch within the Department 
‘of Pathology at Louisiana State University Health 
Socnces Center, Shreveport, is sccking applicants for 
| tenure-trick appointment at the Asntant Pro 
Fewor level, This position is open to. individuals 
posesing Ph.D. M.D. or MD. Ph.D. degrees 
The klcal candidate should have expertise in one or 
more of the following areas: mokecular/cell biology 
‘of extracellular matrix molceuks, angiogenesis, cell 
adhesion and signaling, and/or vascular wall pathe 
‘ogy. Applicants with eapertise in the above areas 
“speoully in the context of diabetic eompheations ae 
pparicubiely encouraged to apply. The selected ca 
didate will have limited personal teaching/clinical 
rresponsbilitcy, primarily defined by his/her inter 
fet and training. Applicants should submit curnict 
Tt vitae, list of three references, and a bee 
description of ‘and direction by 
March 30, 2007, -D., Pro- 
fessor, Department of Pathology, Louisiana State 
University Medical Center in Shreveport, P.O. 
Box 33932, Shreveport, LA 71130. Liwsuns Ste 
Univesity Meal Cente san APimative Action Employer 


DSITIC EN 
POSTDOCTORAL POSITION 

BioT Incorporated <cks five MOLECULAR 
BIOLOGISTS for the R&D Department. The po- 
sition requires experience in (1) Isolation and puri 
fication of RNA from tisues, cals, bactera, and virus, 
(2) Messenger RNA quantitation using PCR, (3) Iso" 
{ation of complementary DNA clones from RNA 
using real time polymerase chain reaction, (4) DNA 
sequencing, retnstinn enzyme digestion subsloning, 
plasmid construction and transfection. Full-time 
Penitons and saliry $60,000 per year. These paatione 
Foquire citizens of the Turkish Republic. Interested 
applicants shoul! send carniculum sitac to: Associate 
Professor Dr. Sakran Sahin, R&D Coordinator, 
Biot. rated, Istanbul, Turkiye. Telephone: 
90-216-449-25-15, e-mail: sikran@biotas.cu. 


INSTITUTE OF BIOCHEMISTRY AND CELL 
BIOLOGY 
Posdoctoral Fellowship 
Wang Yinglt Pomdoctora Scholarship 
Center for Cal Signaling 

ostions for Insure of Biochemistry and Call 
Biokgy [IRC POSTDOCTORAL FELLOWS 
toa Wang. Yingh POSTDOCTORAL SCHOL” 
[ARS are alate immediacy a the Center for Coll 
Sipmaing (CCS), IBCR, Shanghal Tnstutes for 
Bbogitl Sccars(SIBS}, Chine Acaieay of Sc 
ences (CAS). The Center provides a lator forthe 
Sallbration berwcenewentgatory at TBC. and 
thei ovencas coleagus, working on the Fllowing 

‘rch ropas: Jara Wa (0G) and Wel Dit 

(Univesity of Chicago) Cal probation during 
cra devlopmcat an numerigeness.Riaolong 
Tia RCH) and Hua Gu (Cohiba Uni 
Sagoling in bomatopeiic wer cells and 
pesca Gang Fe (INCH) and JunsLén Gan (Une 
aay otipn) ips upaig in emt cer 
Sent cmon stem cat: Nathe Tang (IBC) and 
‘Anning Lin (Cnneraty of ChiapoySialing in 
neural sem cell, ora induction ant cell death 
‘Chen Wang (IBCB) and Zhenggang Liu (National 
Cancer Insrute: Signaling cl deh, ina 
frat and tarvongeneat Lia Li (IBCR). and 
Dianging (Dan) We (Yale UnhertyUniersi) 
War apreling in em cel biology. Xuellang Zhu 
UCB) and Yisian Zheng (Camogie Ins 
Washington) Call panty formation and mito 

Soccesfl candace will be rent PhD. gra 
axce with a stong ackgrand in the relra e 
search fs, The Felows or Scholar wil enjoy 
Strong rocarch environment and have the pons 
to werk abvead for ashon period of te Gung the 
low or Scholar tenure tt continue tht sy 
afer succesful completion of the fellowship oF 
icholanip. The lay compensation vil fe highly 
Samp your aan kn nat th 
formation, plas sce website: bapi//wow 
scen/bostthourpasp, lee et jour cur 
Tuo tac ant tre rere lees: Mr, Bang 
Mao, In 
ig, Shanghai Inenates for 
ince Academy of Scene, 


EXECUTIVE VICE PRESIDENT 

National DcateRescarch Interchange (NDRD), a 
not for-profit company proving scents with hi 
tman biomateifor research, nites appcations fr 
Hacattve Vice Proiden. The Eacewe Vice Pr 
ieot wll poe strong Banal and organvatona 
sempetencis ith 2 manimum of tn years of © 
fenge weeking in 3 asetii environment rein, 
tones mansgemeat sie. Regier demonsted 
succes in nogneting sponsored rescarch agreements, 
sipeniang tenology pant vee, ance aliang 
no scent and velo 

(Quali candistes with an advanced degree in 
eine oc 2 PhD. i the loge wien or 
ics pathology, or ested ek are capexte to have 
Subsite sucess gant applictons to NIH and 
be falar wah NII poring requirments and 
Keaderhip. Supeior communication ls required 
Computer caperse to indie svanced spreatshct, 
‘arabe, snd porting sis Must have excellent 
analytic, weting nl presentational, An energt 
ic team player commited vo onparieationl growth 
Sand icrifcation of new opportuntis ie roquired. 
Compan aay and enc ent Ea ce 
forge fa to 8, MGonern at fans 218-887-7184, 
oral to 


‘Attn: §, McGovern 
1628 John F. Kennedy Boulevard 
8th Floor, 8 Penn Center 
Philadelphia, PA 19103 


wwww.sciencecareers.org 


2 Great Career Events 


Science /UCSF Making the Most 


Biotech Industry of Your Career Fair 
Career Fair Altending the carer fai? Learn how 
(in partnership with AAAS Annual Meeting) to market yourself at our free seminar, 
Science Careers and UCSF are co-hosting Tuesday, 13 February 2007 

a career fair. Come meet recruiters face to 6 pm —reception to follow 


face and explore career opportunities for UCSF Mission Bay Campus 

all levels of scientists. Genentech Auditorium 
San Francisco, CA 

For information on exhibiting, contact 

Darrell Bryant at (202) 326-6533. ‘Making the Most of Your Career 


Fairs sponsored by Genentech 
Thursday, 15 February 2007 

1:00 pm—4:30 pm. 

UCSF Mission Bay Campus 
Robertson Auditorium, 

San Francisco, CA 


ScienceCareers.org, 


wwwsciencecareers.org/ucsf 


More information on these events at 


mn, science 
ras” Careers Forum 


* How can you write a resume that stands out ina crowd? 
* What do you need to transition from academia to industry? 
* Should you do a postdoc in academia or in industry? 
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Leta trusted resource like ScienceCareers.org help you 
answer these questions. ScienceCareers.org has partnered 

with moderator Dave Jensen and four well-respected advisers 
who, along with your peers, will field career related questions. 


Visit ScienceCareers.org and start an online dialogue. 


Bring your career 
concerns to the table. Dialogue 
online with professional career 


counselors and your peers. 


ScienceCareers.org, 


DEVELOPMENTAL BIOLOGIST 

The Biology Department of Albion College 
announces 2 search for an sociated all-time, 
tenuretack Developmental Biolog tthe rank of 
ASSISTANT PROFESSOR, to beg tn August 
2007. A PRD. required, College teaching esr 
hoy and a demonstaed recon of scholap ae 
frokred. The sccoafl cate wil be expected 
fo rach a major” course in developments Booey 
tie deveop = couse ns or hes te of cspertoe 
Te cantoce aso ill share ecposibuis ta at 
introsctory eal and molecular bology cour. A 
research agen that Tnconprsty unerradate 
trulnts expected. Facey ich a new, well 
“ppd, interacpbnay sence comple, 
thea molecular ology squipmenty 3m 
of reaching and. rscathrgiage, mato 
ontrclatenvronment chambers Allon Calpe 
'elethe, iba ars college of 1900 stants 
incited in fxtivectral hagas, wih an hour's 
ive of three wajor waivetaces, See webeleet 
hup://www.albion.edu/biology/ for further in- 
formation and. mone comprencne Tstng of 
Piicaon, statements on teaching. ad Fscarch 
SPicerence (stinks copter nok mcryesth) 
Dr. B. Dale Kennedy, Biology ‘Departmen 
Albion College, Albion, MI_45824°1¥31. The 
eatine for compktedappkations i March 15 
2007, aon Cage san Epa Opry Ene 


PHYSICIST 
National Institute of Standards and Technology 
The Atomic Spectroscopy Group of the Atomic 
Physics Division of the National Institute of Star 
dards and Technology (NIST)/U.S. Department of 
Commerce is seeking a Physicist with experience in 
atomic spectroscopy and database develop 
permanent staff position at NIST in. Gail 
Maryland, ‘The person selected will be 
take a lea 
and compilation of spectral li 
transition probabiltis for atoms and atomic ions. He 
‘oF she willalo have responsibilty for advancing sate 
‘of:the-art programming to further develop the NIST 
‘online databases for atomic spectral data. Applicants 
should havea Ph.D. and/or eyperience in physics and 


extensive experience in the fickl of critical compl 
tion of atomic spectral data. Applicants shoukt alc 
have demonstrated exp 


Java, Javasenpr, and Pascal, Experience with 
huni, XMi., and SQL programming i ako required 
The position is for a ZP-1310-1V. Physicist. Salary 
range is $79,397 to $121,967. The vacancy an 
ouncement may be viewed at website: heep:// 
‘wwrw.usajobs.opm.gov, number PHY-2007-0004 
Apply directly to the vacancy announcement on 
USATORS. Incomplete applications will not be eon: 
sidered. NiST is prt of the U.S. feral goverment snd 
U.S, etsenship is ry. ‘The Department of Commerce ts 
«an gual Opportunity Engler 


STAFF SCIENTIST. Boston University Medical 
Center is recruiting an established BASIC BIO- 
MEDICAL INVESTIGATOR with extensive exper 
tise in the area of intestinal mucosal immunology 
Candidate must hive an MLD. of Ph.D. degree 
tara experience in the area of inflammatory 
ishighly desirable. Faculty appoantment 
commensurate with vel of expertise and proven 
proficiency. Interested candidates. should foward 
their curriculum vitae to: M. Michael Wolfe, M.D, 
Chief, Section of Gastroenterology; Boston Uni- 
versity Medical Center, 650 Albany Street, X 504, 
Boston, MA 02118, tw Lua! Oppo Engle 
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COMPUTATIONAL BIOLOGIST 
USDA/Agricultural Research Service 
‘Com Insects and Crop Genetics Research Unit 
‘Aime, Towa 

The Corn Inscets and Crop Genetics Research 
Unit conducts research on the biology of improving 
rain and forage crops, The unit i cing » Com 
Futational Bologst to fils position at MaiecGDB, 
the MatzeGenetis and Genomics Database (webait 
hep: // This positon s housed 
‘om the Towa State Ciancety campus in Ames, Tons 
The succesful candidate will work in collaboration 

h both hiboratory scientists and. computational 
nlogis to develop ncw computational snd anahe 
ical methods, crete unique genomic data storage 
Solutions and views, and serve ss 3 technical resoure 
and advior to the MaizeGDB prof. 

Ph.D. in bwinformatics, computational biology, 
netics, or related dheipline appwopnate tothe po 
Stn i required. Eapencnce in tntendisciplinary 
“tiie computing, getwmic data analysis, storage ad 
presentation of genome annotations, and/or 
fise development m highly desirable. Foe farther in 
formation on this positon contact Dr. Carolyn J. 
Lawrence at email wiffid® astate.cdu. 

‘Candidates must be US. citizens The position 
will be filed atthe GS-11/12 kvel, ASSISFANT/ 
ASSOCIATE PROFESSOR cajivalcat, sary con 
mensurate with experience ($82,912 t0 $82,446) 
‘Compechensve benefit package inchades paid anal 
and ack eave, lie tosurance, health insurance, and a 
Federal rere 
application 


", v-afim.ars.usda.gov/ 
divisions/hed/. Questions regarding. application 
procedures can call Lynnette Richey, telephone: 
515-663-7278. Applications in response to this ad 
rust be postmarked by Febauary 26, 2007, and ref 
ference vacancy announcement number ARS-X7W 
O91. The USDAARS ta Epusl Oppornnty Proven 
and mphoyer 


FACULTY POSITIONS 


FACULTY POSITION 
Bioinformatics/Computational Biology 
University of Nevada, Reno 

The Univenity of Nevasa Rano invites applications 
fora tenure-trick faculty potion in bioinformatics 
at the ASSOCIATE or FULL PROFESSOR level 
The succesfil carubdate will direct the Center for 
Bioinformatics funded through the NIH INBRE 
program. The ideal canduate will be expected 
{cvelop and maintain 2 vigorous, innovative, state 
Dofeherar computational Biology rescarch program 
fon integrative data analysis and ntcrpectations sing 
mathematical and. stattical models in bok 
Systems along with the development and 
‘oF 3 curculum for biiaformatis. Powsble areas 
research emphasis could be satems tology, funeral 
Eovomics progeomis, metabeenss, network anal 
Ss buottitics oe comparative genomics Applicants 
should have a econ of peoluctve, grant supported 
research. Reno, Nevada, ts on the extern flank ofthe 
Stee Nevada range, offers outstanding opportu 
tics for outdoor recreation, and was recently Fa 
fone of the best smal cic in the United States for 
‘overall quality of Be 

Appian should snd curriculum vita, statement 
‘of rexarch plans, statement of teaching philosophy 
nd bioinformatics curculum goals lectroicaly 
{> website: hep: / /www-tunsearch.com and thrce 
lets of recommendation tor Barbara Neyses, Search 
Coordinator, ‘of Biochemistry, School 
‘of Medicine/200, University of Nevada, Reno, 
NV 89557. The complete postion announcement 
and requrements can be wacwed at website: hte // 
jobsunreda. 

Epa Eplyrent Opomiy/Afemate Acton Egy 


FACULTY POSITIONS. 


EVOLUTIONARY BIOLOGIST, University 
‘of North Texas (UNT), Denton, Texas. The De 
partment of Biological Sciences (Website: hyp:// 
www bioluntedu) invites applications for a tenure 
track ASSISTANT/ASSOCIATE PROFESSOR 
position in evolutionary biology starting Septem 
ber 1, 2007: Successful candidates will be expected. 
to contribute to a strong research program and par 
ticipate n 


els (M.S,/Ph.D.), Candidates. ith, 
‘demonstrated rescarch excellence in addressing evo 
lutionary questions in microbial, plant, or animal 
systems, especially as rebted to the environmental 
sciences, ae encouraged to apply. Excellent research, 
failiies, competitive sary, and startup funds are 
available. Located in the Dalls-Fort Worth metro 
politan area and about 30 minutes from the Dallas: 
For Worth Intemational aisport, UNT has over 
33,000 students. Applicants should send a cover 
ieetcr that addresses the above requirements a8 well 
a8 curriculum vitae, a statement of teaching goals, a 
statement of research interests and goals, contact 

formation for atleast thrce references, and selected 
reprints. All application materials. shouldbe ad 
dressed to: Dr. T W. La Point, Chait, Evolution: 
ary Biologist Search Committee, Department of 
Biological Sciences, P.O. Box 310559, University 
of North Texas, Denton, TX 76203-0559. 
sw of applications will begin February 16, 
and will remain open unt hile, 

The Univesity of North Teas i an Equal Opportunity 
Afirmative Action’ Insinaion comnied 48 diet tv hs 
copleynent mal programs, Mercy eating 


PROFESSOR OF THE PRACTICE 
The Deparment of Ecology and Evolutionary 
Biology, Tulane University, invites applications for a 
l-time teaching position, Professors of the Practice 
are appointed for renewable three-year terms, which, 
ide benefits but do-not lead to tenure, Cand: 
it hold a Ph.D, degrce and should have 
the college level. We scck an 
ted expertise in. one 
more areas of ecology, evolution, and organismal b 
cology’ as well a a commitment to excellence in under 
graduate instruction, the advancement of science 
literacy, and the scholarship of teaching and learning, 
For more detalls sce website: heyp://Avww,tulane, 
‘edun/~ebio/News/profprachim. Sch curriculum 
Nae, desription of scholady and teaching interests 
and experience, seketed publications, 
teaching piilosophy, and che names a 
‘of tree references to: PoP Search, Department o 
and Evolutionary Biology, 310 Dinwiddie 
Hall, Tulane University, New Orleans, LA 70118- 
5698, Review of applications will begin March 1, 
2007, and the search will remain open until the 
position is filed. Tidow University is am Aimative 
Acsoniqual Enploymcnt Oppo Enloyer 


POSTDOCTORAL FELLOW POSITIONS 

Poxdoctra Pxtons re avaiable immediatly in 
the Inte of Botechnogy Deparment of 
Icclar Modine a the Unieraty of Teas Health 
Sence Centers San Antonio, The research invohes 
the mc of molecular logy and roe genet 
frndy the impacts of pene regulon, obey, and 
horton acon on Ure development of brent cus 
fer The ccs aniates spol hold 2 PhD. 
ger in bichembny, mobcakr Hobby, or thet 
reac ki ath a econ of ces an scent 
prodactvy Working especncein mess gencts 
Preted bur nor abot require Mest prone 
Careiclam ia, abi sual of rciearch expr 
‘ice andthe nanesand contact ican of ree 
rkrencs to: Dr. Rong Li, e-mail rS@uthsess. 
‘iu or Yankea Fo, casi: huyS@uthecs-eda, 

The Unenay of Tene Hea Soe Cote 
Auto © Ee Eg 
nw Employer A pr 
Sealy tee pine 
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Believe it! 


$2.5¢ 


* Read length up to 900 bases. 

* High quality electropherograms. 

+ Fast turnaround. 

* Plasmid and PCR purification available. 


Polymorphic exclusively uses ABI 3730XL sequencers. 
Data delivered via secure FTP, email or CD. 


$2 5 0 No charge for standard sequencing primers. 
. 384 sample minimum order. 


per reacti on I 96 well plates only—no tubes. 


POLYMORPHIC 


8 Polymorphic DNA Technologies, Inc: 


www.polymorphicdna.com 

info@polymorphicdna.com 888.362.0888 

1125 Atlantic Ave., Ste. 102 

Alameda, CA 94501 For more information please visit 


For research use only. © Polymorphic DNA Technologies, 2005 noe ECE YaTO cae 


Your gene starts with ATG. 
Your research starts with IDT. 


miniGENES (50-500 bp) 


Only $0.65/base pair! 


$150 setup fee 


miniGENE Applications: 


cassettes 


> Re 
For genes > 500 bp, please contact us for a custom quote. 


INTEGRATED DNA 
TECHNOLOGIES, INC. 


